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USSR Space Li fe  Sciences Digest: Issue 20 Reader Feedback Form 
R, cxv readers: 
technical,  specialized areas fo r  which adequate Russian-English 
glossar ies  have ye t  to be compiled. W e  ask  your help i n  
improving the accuracy and spec i f i c i ty  or our English terminolcgy. 
Please f i l l  ou t  the form b e l o w  whenever you encounter an 
incomprehensible, incongruous, awkward or otherwise inappropriate 
term. 
the  statement t h a t  a t e r m  is inappropriate provides us with 
useful information, even when rx> better a l t e rna t ive  can be 
suggested. A copy of t h i s  form w i l l  appear i n  a l l  fu ture  issues  
of the Digest. 
W e  are working i n  a large number of highly 
While w e  solicit a l l  suggestions fo r  improved renderings, 
'I'hank you fo r  your help. 
Abstract # ! Incorrect or amtextua l ly  I Suggested rendering: 
inappropriate word or 
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PLEASE RF;TuRN TO: D r .  Lydia Htx>ke 
Uxkheed Engineering 
and Management Services Capany 
600 Maryland Ave. S W  
Sui te  600, East Wing 
Washington, DC 20024 
V 
This is Issue 20 of  the  USSR Space L i fe  Sciences Digest. W e  would l i k e  to 
thank the  approximately 200 individuals  who responded to our th i rd  reader 
survey. W e  were m o s t  g r a t i f ed  to have 100 people volunteer to provide us 
with occasional help concerning technical terminology. 
organized by f i e l d  of expertise is being compiled and some of you may be 
hearing from us shortly. 
suggestions concerning terminology (See form on preceding page.) The primary 
a l t e r a t ion  i n  t h i s  i s sue  based on survey responses is a more detailed 
emphasis cm exact procedures used i n  experiments. However, readers should 
recognize t h a t  the kind of e x p l i c i t  descr ipt ion of procedure typical of 
Western s c i e n t i f i c  papers may be absent i n  Soviet  ones. A l m o s t  as many 
people requested f u l l e r  information (XI statistics as (XI procedures. W e  w i l l  
make it a policy to provide a l l  avai lable  information on statistical t<x)ls 
used to analyze data; however, again t h i s  information may not be provided i n  
the o r ig ina l  Soviet  article. By f a r  t he  m o s t  Common statistic used by the 
Soviet  reseachers w e  abstract is Student's t, known also as the t-test or 
t-ratio. 
experiment . 
This is t h e  last i ssue  of the  USSR Space L i f e  Sciences Digest to be prtIduced 
on our old computer system; our new system should provide u s  with better 
tcx>ls to improve Digest appearance and format and to follow addi t iona l  
suggestions made by our readers. 
compiled and should be d is t r ibu ted  shor t ly  after the  present issue. 
A list of volunteers 
Of course, w e  always w e l c o m e  unsolicited 
This test is commonly used f o r  mult iple  comparisons within a s ingle  
An index of  Digest issues  15-20 is being 
Abstracts i n  the  present issue presenting or discussing space f l i g h t  da ta  
are: Btdy Fluids CR11; Cardiovascular and Respiratory System P916; 
Metabolism P922; Musculoskeletal System P915, P923, P935, P944, 
Ml37; Neurophysiolcgy P936, P939, P940; Reproductive Biology P937, P938. 
W e  w6uld l i k e  to express our appreciatitrn f o r  the  valuable help provided by 
Dr. Gary Coulter of NASA and Dale Andersen of Ltxkheed i n  the  preparation of 
t h i s  issue.  
Please address corresptmdence to: 
D r .  Lydia Razran Hcx)ke 
Lockheed Engineering 
and Sciences Ctxnpany 
600 Maryland Ave. SW 
Sui t e  600, East Wing 
Washington, Dc 20024 
(202) 863-5269. 
vi 
(See also: Musculoskeletal System P944, M137; Operational Medicine P911) 
Ml41(20/88) Platonov VN. 
Adaptsiya v sporte [Adaptation in sports]. 
Kiev: Zdorov'ya; 1988. 
[216 pages; 25 tables;  116 figures;  279 references; 101 i n  English] 
KEY WORDS: Adaptation, 
Differences, Exercise, Sports, Fatigue, Energy, Human Performance 
Musculoskeletal System, Athletes, Individual 
Annotation: This moncgraph considers the  adaptive restructur ing t h a t  occurs 
i n  physiological systems of a th l e t e s  who are t ra in ing  fo r  competition. The 
author focuses on individual differences i n  adaptive restructur ing and the 
d i f f e ren t  responses i n  each physiological system. This book is  intended 
f o r  s c i en t i s t s ,  t ra iners ,  and athletes .  
cmmsvls 
( N u m b e r s  i n  parentheses r e f e r  to page numbers i n  or iginal . )  
Introduction (3) 
General i s sues  i n  the  theory of adaptation and the pr inciples  underlying 
adaptation i n  a th l e t e s  (5) 
Adaptation and problems of modern sport (5) 
Adaptive respomses to physical exertion 
Development of long-term adaptation (21)  
(11) 
Struc tura l  and functional cha rac t e r i s t i c s  of muscles and t h e i r  adaptation 
(30) 
S t ruc tura l  and functional charac te r i s t ics  of the  mtor un i t s  of muscles (30)  
Athle t ic  special izat ion and the  s t ruc ture  of muscle t i s sue  (33) 
Changes i n  muscle f i be r s  i n  response to d i f f e ren t  types of exercise  (36) 
Coordination of the  a c t i v i t y  of motor un i t s  -- an important mechanism of 
muscle adaptation to exercise  (39) 
Adaptation of the  energy supply system (44) 
Energy supply i n  intensive physical exer t ion (44) 
Adaptive reserves of the aerobic energy supply system (50) 
Adaptation i n  the  oxygen t ransport  system (60) 
Adaptation i n  the  oxygen u t i l i z a t i o n  system (66) 
Adaptive reserves i n  the anaerobic system of energy supply (71) 
Temporary and long-term adaptation i n  a th l e t e s  as a function of the  nature, 
in tens i ty ,  and type of exercise  loading (77) 
Components of exercise  and t h e i r  influence on the development of adaptive 
f ie spec i f i c i ty  of adaptive responses (86) 
The e f f e c t s  of exercise  on a th l e t e s  d i f f e r ing  i n  s k i l l  and t ra in ing  (91) 
The responses of a th l e t e s  to exercise during competition (96) 
responses (78) 
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M141 
Individual differences i n  adaptation to exercise  during 
t ra in ing  and cornpetition (99) 
Schedules of t ra in ing  and competition and the phenomena of 
deadaptation, readaptation, and repeated adaptation (108) 
Fatigue and recovery i n  physical exercise  as adaptive responses (117) 
Development of fa t igue  and recovery i n  intense muscle exertion (117) 
Dynamics of functional a c t i v i t y  i n  prolonged exertion, fatigue,  and 
Fatigue and recovery i n  exercise varying i n  type (129) 
Work capacity of athletes i n  t ra ining programs varying i n  s t ruc ture  (136) 
Fatigue and recovery as a function of athletic s k i l l  and t ra ining (143) 
Enhancing recovery processes after exertion i n  t ra ining and competition 
recovery i n  exertion varying i n  in tens i ty  (1243) 
(145) 
Formation of long-term adaptation i n  the process of multi- and s ingle  year 
The dynamics of adaptation i n  multiyear t ra in ing  (152) 
Development of adaptation as a function of the dynamics and nature of 
t ra ining and competition schedules i n  multi-year t ra ining programs 
(160) 
Development of long-term adaptation through multi-year t ra ining as a 
Adaptation of athletes over the  course of a year or macrocycle wi th  
Per i tdizat ion of athletic t ra ining over the  course of the year as an 
t ra in ing  of athletes (152) 
function of sport and athlete gender (172) 
respect to in tens i ty  and nature of exercise  prcqram (175) 
object ive basis for the development of e f f ec t ive  long-term adaptation 
(183) 
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(See also: Cardiovascular and Respiratory System P912) 
M142 (20/88) Gudkova SYa. 
Mekhanizmy zimney spyachki [The mechanislrs of hibernation.] 
Pushchino: USSR Academy of Sciences; 1987. 
1206 pages1 
Aff i l ia t ion:  Sc ien t i f i c  Center fo r  Biolcqical Research; I n s t i t u t e  of 
Biophysics 
KEY WORDS: 
Neurophysiology, Body Fluids, Endocrinology, Enzymology, Hematology, 
Gastrointest inal  System 
Biological Rhythms, Hibernation, Sleep, M e t a b o l i s m ,  Cold, 
Annotation: This col lec t ion  includes the  results of research performed 
during the  last 2 years i n  the area of hibernation and s leep- l ike  states 
(dormancy, torpidity?).  Par t icu lar  emphasis is placed upon biophysical and 
biochemical research on peripheral  regulatory mechanisms governing 
hypometabolic natural  states on the  ce l lu l a r ,  subcellular,  and molecular 
levels. 
mechanisms of torpor, descr ipt ion of an evolutionary approach to the  
understanding of natural  hypometabolic states, discussion of the  
charac te r i s t ics  of s t ruc tu ra l  homeostasis and the k ine t ics  of prol i ferat ion.  
This work w i l l  be of i n t e r e s t  to a wide ranges of biophysicists,  
biochemists, physiologists,  and cl inicians.  
The col lect ion contains the  m o s t  current  data  on the  "trigger" 
altnmls 
(Numbers i n  parentheses r e f e r  to page numbers i n  the  or iginal . )  
Introduction (3) 
Karmanova IG. The evolutionary aspect of natural  sleep, hibernation, and 
dormancy (5) 
Popova NK. The role of brain serotonin i n  dormancy (17) 
Bronnikov GYe. 
metabolism i n  hibernating animals (24) 
Possible regulation pathways of energy (catabolic) 
Brustovetskiy NN, Mayevskiy Y e I ,  Gogvadze VG. Possible biochemical mechanisms 
depressing oxidative metabolism i n  hibernating animals (32) 
Mironova GD, Fdotcheva N I ,  Skarga YuYu, Kondrashova MN. Potassium transport  
and mitochondrial resp i ra t ion  i n  sus l ik s  (ground squirrels) emerging from 
hibernat ion (39) 
Solomonov NG, Akhremenko AK, Anufriyev AI. Dynamics of energy substrates  i n  
t i s sues  of awakening sus l ik s  (48) 
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M142 
Kudokotseva YeV. State of the  microsomal oxidation system i n  sus l iks  and 
r a t s  (56) 
Ioyevskiy MM, Zhegunov GF. Concentration of cat ions and phosphorus 
containing organic metabolites of glycolysis  i n  erythrocytes of sus l iks  
during the  hibernation cycle (61) 
Emirbekov EZ, Abudllayev RA. L o w  molecular (weight) nitrogen compounds i n  
the brain during hibernation (64) 
Zhegunov GF, Mikulinskiy YuYe. Synthesis of protein i n  t i s sues  of 
hibernating animals on arousal (70) 
Monin YuG, Goncharevskaya OA. Certain pr inc ip les  of s t ructural / funct ional  
changes i n  the  f luid-electrolyte  composition of the  body f l u i d s  of sus l ik s  
on spontaneous arousal  (74) 
Kalinin YeV, Orlova TG, Freydin AA, Orlov Wa. Concentration of cGMP- 
spec i f i c  phosphodiesterase i n  the external  segments of r e t i n a l  
photoreceptors i n  sus l ik s  (81) 
Khrcmuw AS, Srebnitskaya LK, Rozhdestvenskaya ZYe, Orlova AA, Lednev W. 
Ca-activated tension developed i n  individual skinned ske le t a l  muscle 
f ibe r s  i n  s u s l i k s  (Ci te l lus  undulaturs) during various phases of hibernation 
(95) 
Kharchenko Yep. 
(102) 
Evolutionary interconnections among regulatory peptides 
Ignat'yev DA, Kolayeva SG, Mikhaleva 11, Kramarova LI, Sviryayev V I ,  
Pol'kina OV. 
the t i s sues  of  hibernating animals (106) 
Results of  t e s t ing  biological ly  ac t ive  f rac t ions  isolated from 
Kruman I1 , Ignat'yev DA, Kotelevskaya SM. 
f rac t ions  of sus l ik s  tn homeotherms (118) 
Hypothermic e f f e c t  of serum 
Vorob'yev W, Ignat'yev DA, Kruman 11, Yarkov AV. The e f f e c t s  of f rac t ions  
1,000-10,000 i n  the  blcxd serum of hibernating and ac t ive  sus l ik s  on the 
bioelectric a c t i v i t y  of the  cerebral cortex of rats (127) 
Belyavskiy MA, Matveyeva NB, Beylina SI. 
f rac t ions  from t i s sues  of hibernating animals on the  cell cycle and motor 
a c t i v i t y  of  Physa rq  polycephalum (133) 
Kramarova LI ,  Kolayeva SG, Bronnikov GYe, Krasts IV. Low molecular weight 
substances from the  in t e s t ine  of hibernating sus l ik s  -- i nh ib i to r s  of 
development of f e r t i l i z e d  egg cells of sea urchins (138) 
The e f f e c t  of l o w  molecular weight 
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M142 
I Kokoz YuM, Nakipova OV, Sviryayev VI ,  Kramarova LI ,  Povzun AA, Mikhayeleva 
11, Freydin AA, Malygin AM, Kolayeva SG, Il'yasov FE. The e f f e c t  of 
substances from the brain and small i n t e s t ine  of hibernating sus l ik s  <XI the  
e x c i t a b i l i t y  of myocardial f i b e r s  (146) 
Vinogradova MS. 
during the  hibernation period (16) 
Functional morphology of the epithelium of the stomach 
Gordon RYa , Bocharova LS , Poptw V I  , Karnaukhov VN. S t ruc  tural/f unc tional 
bases for RNA m e t a b o l i s m  i n  the  bra ins  of hibernating animals (168) 
Guvakova "VI Adonina LV, Safonova NG. Endccrine cells of the  pancreas of 
the  red-cheeked sus l ik  (175) 
Il'yasova YeN, Petrunka W, Il'yasov FE, Khachko VI. M o r p h o m e t r i c  study of 
seasonal changes i n  cells of the adrenal cor tex i n  the  hibernating spotted 
sus l ik  (183) 
Kruman 11, Kolayeva SG. Charac te r i s t ics  of epithelium turnover i n  
t h e  small i n t e s t i n e  i n  the  sus l ik  (190) 
Kuryakina LA, 
stress i n  animals with a dependent and regulated form of adaptation (196) 
Reaction of the hypothalamus-pituitary-adrenal system to cold 
5 
(See also: Biological Rhythms M142) 
PALJER: 
P932(20/88)* Zhidkov W, Lobachik V I ,  Borisov G I ,  Zaychik We, Fedorov YuV, 
Biryukov YeG. 
A micra~thod for measuring volume of extracellular fluid. 
Kosmicheskaya Biolcqiya i Aviakosmicheskaya Meditsina. 
22(4): 86-89; 1988. 
[15 references; 3 i n  English] 
Body Fluids,  Extracel lular  Fluid 
Humans 
Equipment and Instrumentation, Micromethod 
Abstract: In  t h i s  paper, the  authors describe a method they have developed 
to overcome the shortcomings of ex is t ing  procedures f o r  studying 
ex t race l lu la r  f l u i d  volume. This method measures ext race l lu la r  f l u i d  volume 
by administering d i lu ted  stable bromine and measuring i ts  concentration i n  
whole blood using X-ray fluorescent analysis. Subjects inges t  10 ml of 10% 
stdium bromide i n  water. 
taken from t h e  finger. One sample is used to determine hematocrit through 
centrifugation, and the o ther  is placed on a subs t ra te  of decalcif ied f i l t e r  
paper with surface densi ty  of 7 mg/cm2, which has been treated w i t h  cleol. 
The sample is surrounded by a l iqu id  paraf f in  ring. Five test samples are 
prepared from each blood sample and r e s u l t s  are averaged. The test sample 
is dr ied to a constant mass i n  2 hours a t  r o o m  temperature. 
concentration and measurement error are measured using an automated X-ray 
fluorescent analyzer consis t ing of an automated carousel f o r  replacing 
samples, a measurement head with a system of  diaphragms, an X-ray s<IuTce 
with maximal voltage on the  tube of 45 kV and cur ren t  of 1 uA, a detector  
with energy resolut ion of 185 eV on a l i n e  5.9 keV with a primary amplif ier ,  
and a multichannel analyzer with a microprocessor. 
cha rac t e r i s t i c  bromide rad ia t ion  with energy of 11.9 keV is recorded and 
processed on the  multichannel amplitude impulse analyzer with a 
microprocessor. The spectrum is measured f o r  30 seconds. Calibration 
standards were developed by adding a known quant i ty  of  water solut ion of 
bromine to whole blcxd. 
In  6 to 1 2  hours, t w o  bled samples of 10-50 u l  are 
Bromide 
The spectrum of  
Ext race l lu la r  f l u id  volume w a s  determined w i t h  the  
formula : 
where H t  i hematocrit ( i n  percent), Q is quantit! of bromine introduced ( in  
mg), Co is the i n i t i a l  concentration of bromine i n  blood ( in  mg/ml), and Ct 
is concentration of bromine i n  blood a f t e r  equi l ibrat ion;  0.86 is Olesen's 
coef f ic ien t ,  which accounts f o r  the  concentrations of proteins  i n  blood, and 
also bromine i n  erythrocytes and e p i t h e l i a l  cells i n  the  the intest ine.  
This methcd was c o m  red to the  m o s t  commonly used m e t h o d ,  which u t i l i z e s  
the radionuclide N a  E B r  as an indicator.  
6 
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I P932 
I 
I The newly developed method was concluded to have the following advantages: 
tenth of t h a t  required by the t r ad i t i ona l  method, decreasing the t i m e  required 
to perform repeated measurements i n  an individual; 
vein, reducing trauma; 
200 - 1000; 
experimenter ; 
t i m e ,  the  test is more su i t ab le  fo r  space f l i gh t ;  
- the  amount of bromine t h a t  must be introduced i n  the  body is one 
- the new m e t h o d  t akes  blood from the  f inger  rather than puncturing a 
- the amount of blood required f o r  analysis  is reduced by a fac tor  of 
- the  d i f f i c u l t y  of the  procedure is reduced considerably f o r  the 
- s ince  the  blcod can be kept  i n  its dried form f o r  a longer period of 
- error is reduced to + 3.2%. - 
7 
CRll(20/88) Ivanovna LN. 
Report on: Conference on Problems of Physiology and Pathology of Calcium 
M e t a b o l i s m  and Its Regulatian, Riga, November, 1987. 
Fiziologicheskiy Zhurnal. 
LXXIV(6) : 903-905. 
KEY WORDS: Body Fluids, R e n a l  Physiology, Metabolism, Fluid-Electrolyte 
Metabolism, Calcium, Nutri t ion,  Vitamin D, Vitamin K, Space Flight,  
Hypokinesia, Exercise 
In accurdance with the  agenda of the  Ad H o c  Commission on Renal Physiology 
and Fluid-Electrolyte Metabolism, the  Sc ien t i f i c  Council on the  Physiology 
of Visceral Systems of the USSR Academy of Sciences convened a conference 
devoted to problems i n  the physiology and pathology of calcium m e t a b o l i s m  
and its regulation. This conference was held from 24 to 26 November i n  
Yurman a t  the  f a c i l i t i e s  of the  Riga Medical Ins t i tu te .  The major goal of 
the  conference was discussion of the current  s t a t u s  of t h i s  extremely 
important area of basic  and applied research. Approximately 30 s c i e n t i s t s  
from various in s t i t u t ions  i n  Moscow, Leningrad, Riga, Novosibirsk, 
Donets, and Tb l i s i  participated. 
Papers concerning the theoretical aspects of the problem discussed the 
biological role and regulation of calcium metabolism i n  human beings and 
animals. V.K. Bauman considered current  concepts of the mechanism underlying 
absorption of calcium i n  the  in t e s t ine  and evaluated the  d i f f e ren t  views of 
the s t ruc tu re  and functioning of the system responsible fo r  calcium 
transport  across the  i n t e s t i n a l  epithelium. H e  s t ressed t h a t  many of the  
issues i n  t h i s  area are st i l l  unresolved. Yu.V. Natochin described i n  
d e t a i l  t he  mechanisms underlying calcium transport  i n  the nephron and 
emphasized t h a t  the roles played by neural and hormonal fac tors  and 
other  b i o l q i c a l l y  ac t ive  substances i n  regulating reabsorption of t h i s  
ion are still unresolved. H e  discussed r e su l t s  implying t h a t  calcium can 
regulate  the  a c t i v i t y  of scdium channels i n  the apical membrane of 
e p t i h e l i a l  cells. 
membrane evoked grea t  in te res t .  
on the  mechanisms of calcium transport  across cell membranes and the  
rela tionships among the calcium-accumulating a c t i v i t y  of the membrane 
f rac t ions  of various t i s sue  types. G.N. Baldenkov presented in te res t ing  
new da ta  concerning the role of calcium i n  mediating the  act ion of 
physiologically ac t ive  substances and peptide hormones. L.N. Ivanovna 
demonstrated that ,  although the  modulating e f f e c t  of  calcium can be observed 
a t  various s tages  i n  the in t r ace l lu l a r  chain of events induced by a hormone, 
the  mechanism underlying t h i s  e f f e c t  remains unclear i n  many instances. 
I.P. Yermakova presented an analysis  of parameters t h a t  measure calcium i n  
blood and its association with protein and low molecular weight components 
of plasma i n  the  norm and under pathological conditions. 
examined the  interact ion of calcium metabolism and peroxidation from an 
evolutionary perspective. V.B. Spirichev discussed the  e f f e c t  of alimentary 
fac tors  on calcium homeostasis and assigned an important role to the  vitamin 
D hormonal system i n  the  regulation of calcium m e t a b o l i s m .  I.N. Sergeyev 
provided new data concerning the role of vitamin K i n  calcium metabolism. 
Calcium regulation of water permeability i n  t h i s  
S.N. Orlov described experimental r e s u l t s  
A.M. Gerasimov 
8 
The par t ic ipants  devoted considerable a t ten t ion  tu the  pharmacological 
aspects of regulating calcium metabolism 
concerning the  mechanism underlying the e f f e c t s  of calcium antagonists,  
discussed the  cha rac t e r i s t i c s  of three recent ly  synthesized antagonists, and 
demonstrated the  potent ia t ing influence of calcium antagonists (XI the  
cy tos t a t i c  effect .  Material relevant to the associat ion between the  chemical 
s t ruc ture  and biological  a c t i v i t y  of analogues and metabolites of vitamin D 
was analyzed i n  de ta i l .  NA. Bogoslovskiy described the  propert ies  of a new 
analogue -- coxidevit, synthesized by the  "Vitamin" Scientific-Manufacturing 
Association, which has a powerful therapeutic effect .  EA. Yur'yev discussed 
correction of calcium m e t a b o l i s m  pathology using diphosphates and KA. 
Merzm spoke on the criteria used by c l in i c i ans  to evaluate calcium 
m e t a b o l i s m .  
G.Ya Dubur presented new data  
Another group of papers covered the  pathophysiological and c l i n i c a l  aspects 
of calcium m e t a b o l i s m .  V.S. Akmatov considered da ta  on the  state of the  
hone system and hormonal balance i n  cosmconauts on f l i g h t s  varying i n  
duration and i n  volunteer subjects undergoing long-term hypokinesia with 
head-doown tilt. 
signif icance of pharmacological correction and physical exercise i n  
preventing bone demineralization. The need to determine the  extent  of 
demineralization under various f l i g h t  conditions and special regimens was 
noted. I t  w a s  agreed t h a t  the  new methods of evaluating bone densi ty  
developed i n  the  I n s t i t u t e  of Biomedical Problems of the  USSR Ministry of 
Health should be introduced i n t o  c l i n i c a l  practice. S.M. Kotova discussed 
the diagnosis and treatment of calcium m e t a b o l i s m  pathology which leads to 
osteomalacia and r e s u l t s  from decreased calcium absorption i n  the  in t e s t ine  
with accompanying enteropathies and b i l e  secret ion disorders. 
Ruzhinskaya extended t h i s  discussion to disorders  of calcium m e t a b o l i s m  
caused by hormonal imbalance, par t icu lar ly  those associated w i t h  intensive 
treatment with glucocorticoid. Special mention was made of the pos i t ive  
e f f e c t  of oxidevi t  treatment fo r  t h i s  sort of pathology and stress w a s  
placed on the  need to develop de ta i led  d i f f e r e n t i a l  diagnostic criteria f o r  
designing treatment strategies. V.K. Leont'yev discussed stomatological 
problems and noted t h a t  many questions relevant to the pathogenesis of 
stomatological disease i n  disorders of the  mineral composition and p H  of 
sal iva,  and their treatment w i t h  various mineral compounds, have not ye t  
been resolved. 
i n  nephrology is the disrupt ion of calcium homeostasis associated with 
prolonged or regular hemodialysis. Discussion of t h i s  and related i s sues  
produced agreement t h a t  fur ther  a t t en t ion  was required to individual ly  
tailor the  mineral composition of the  d i a lys i s  solut ion is essent ia l .  
Reynser discussed the  d i f f e r e n t i a l  diagnosis and treatment of hypercalciuria 
due to d i e t  or to rate of absorption of calcium and phosphates, etc. 
Par t icu lar  stress w a s  placed <XI the  need to develop common tests f o r  
evaluating parameters of calcium homeostasis, the  lack of which makes it 
d i f f i c u l t  to campare the r e s u l t s  obtained i n  d i f f e r e n t  laboratories and 
c l in i c s .  
H e  discussed prevention of negative calcium balance and the  
L.Ya. 
I. M. Lanskaya argued t h a t  one of the  m o s t  urgent problems 
N.A. 
In the  f i n a l  paper, D.A. Babarykin discussed the poten t ia l  f o r  correct ing 
disorders  of  phosphorus and calcium metabolism associated with various 
pathological states and c l ea r ly  posed the  most pressing problems (mechanisms 
of calcium transport  i n  specialized t issues ,  interact ion of vitamin D 
9 
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metabolites and synthesized analogues i n  the regulation of calcium 
metabolism, cha rac t e r i s t i c s  of i n t r ace l lu l a r  regula t ion  of .vitamin D 3  I 
indicators  and contraindicators for  combined hormone-vi tamin D therapy i n  
d i f f e ren t  types of calcium pathology). 
10 
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P912 (20/88) Galichiy VA. 
Characteristics of biological rhythms in external respiratkm parameters 
in humans during tilt tests. 
Fiziologiya Cheloveka . 
114 references; 3 i n  English] 
14(4) : 577-585; 1988. 
Cardiovascular and Respiratory Systems, External Respiration; Biological 
Humans 
T i l t  Tests 
Rhythms 
Abstract: The goal of t h i s  work was to perform biorhythm analysis  of a 
number of respiratory parameters i n  humans undergoing tilt tests i n  which 
they were placed i n  passive upright position. 
aged 26 to 40, participated.  A passive tilt test placing them i n  upright 
posi t ion w a s  performed i n  the  morning before breakfast. 
respirat ion was assessed by measuring parameters of respiratory minute 
volume (V,), minute volume of absorbed oxygen Woz) and exhaled carbon 
dioxide WCo2), respiratory coef f ic ien t  (R) , partial oxygen and carbon 
dioxide pressure i n  alveolar  a i r  (pAO2 and p h 2 ) ,  and oxygen u t i l i z a t i o n  
coef f ic ien t  (0 UC). 
(XI the  tilt tahe i n  a horizontal  posit ion,  during which baseline parameters 
were recorded fo r  a 10-minute period. 
placed i n  a v e r t i c a l  (head-up) posi t ion with the btdy a t  a 70" angle to the  
horizontal. The aforementioned parameters were recorded throughout the  20- 
minute period t h a t  subjects  remained i n  t h i s  position. 
using a metabolimeter and gas analyzer. During the  f i r s t  8 minutes of the  
baseline period, parameters were averaged every 2 minutes and i n  the  
subsequent period (including the tilt test period) every 30 seconds. With 
the  exception of the oxygen u t i l i z a t i o n  coeff ic ient ,  a l l  parameters were 
expressed as a percentage of the  mean baseline value. 
values w a s  obtained fo r  every parameter, each value representing data  
accumulat+ cover a 30-second period. 
of the  measurements, amplitude and frequency characteristics of these 
f luctuat ions w e r e  analyzed. The peritd of each f luctuat ion was defined as 
the  dis tance between t w o  adjacent minima, while the amplitude w a s  the 
difference between the maximum and minimum of each cycle. Maxima, minima, 
and amplitudes were a l l  expressed as percentages, allowing the f luctuat ion 
amplitudes of various parameters to be compared. 
during the tilt test, cor re la t ions  among a number of the  parameters were 
evaluated and tested fo r  statist ical  significance. 
a lveolar  vent i la t ion  . !iC",.1o0 was also used i n  t h i s  analysis. 
Throughout the  tilt test, t h e  parameters f luctuated i n  a cycle with a pericd 
of about 1 minute. There was grea t  s i m i l a r i t y  i n  amplitude and period 
between V02 and VcO2; and amplitudes of f luctuat ion of & 2 and pAo2- Both 
increases and decreases with respect to baseline were note8 i n  d i f f e ren t  
mean parameters values during tilt test. 
decreased, and other  parameters underwent changes i n  both d i rec t ions  a t  
A total of 5 healthy males, 
External 
Before the tilt test, the  subjects  spent 10-13 minutes 
Immediately afterward they were 
Parameters were measured 
Thus, a series of 40 
Since data fluctuated over the course 
A t  various stages 
The derived parameter of 
L'* = -
F.ko* 
p k 2  only increased, PACo2 only 
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d i f f e ren t  t i m e s  during the period. The m o s t  in te res t ing  e f f ec t s  occurred i n  
the  i n i t i a l  period of the tilt test. $e 
negative phase (Le., were b e l o w  basel inerduring the  &st minute a f t e r  the  
s h i f t  i n  posit ion,  reaching a minimum value (19-22% decrease) i n  minutes 2-3 
and continuing to be depressed u n t i l  minute 4-6 of the  test. 
and less extreme than i n  the previous case. 
was above baseline i n  the  f i r s t  minute a f t e r  assumption of the  ve r t i ca l  
posit ion and t h i s  pos i t ive  phase las ted 5 minutes with the maximum being 22% 
aboove baseline. Correlation between VE and vO2 was high p ) s i t i v e  fo r  a l l  2- 
minute periods during the tilt test except during 
was nt) correlation. Correlation between VE and v 
with the  exception of minutes 4 - 7 when it was5?& and negative. 
Correlati(on between v and vO2 was high and pos i t ive  for  minutes 1-3 and 7- 
13, moderate and pos i t ive  i n  minutes 14-20, and high and negative fo r  
minutes 3-7. and vcQ2 was high and posi t ive for  
minutes 1-13; and moderate and p o s h v e  during minutes 14-20. Thus the  f i r s t  
7 minutes of a tilt test are marked by decreased oxygen u t i l i z a t i o n  and 
disruption of ctxordination among the various components of the  pulmonary 
vent i la t ion  system. These e f f e c t s  are re la ted  to the  d i f f i c u l t i e s  asstciated 
with adaptation to an upright position. 
by minute 13-14. 
rameters Vo and 02Uc entered a 
dropped b e l o w  baseline only a f t e r  2.5 minutes and the  decrease 
The respiratory coef f ic ien t  
minute 4 - 7, when there  
was high and posit ive,  
Correlation between V 
Functions begin to s t a b i l i z e  m l y  
The authors ctxne to the  following conclusions: 
1. In passive upright posit ion,  the  external  resp i ra t ion  parameters 
studied undergo cyc l i c  f luctuat ions with peritds of about 1 minute. 
2. The period between minutes 4 and 7 of a tilt test is marked by 
lack of axxd ina t ion  among the individual components of pulmonary vent i la t ion,  
possibly due to stress and d i f f i c u l t y  associated with adaptation to the  
upr i g h t  position. 
3. When studying the cardiorespiratory system i n  a tilt test, it is 
des i rab le  to focus on the depth and duration of the  negative phase of the  
parameters of v02 and 02UC, because there  is reason to believe tha t  the  
sever i ty  of t h i s  phase is an ind i r ec t  indicator  of the effect iveness  of 
compensation for  hemodynamic s h i f t s  caused by a s h i f t  tro v e r t i c a l  posit ion.  
Table 1: Period and amplitude of f luctuat ions i n  parameters of external  
resp i ra t ion  during a 20-minute tilt test 
Table 2: Values of the cce f f i c i en t s  of correlation of VE and VO2 and Vc02 
a t  various periods during a tilt test 
Table 3: Values of the  coef f ic ien ts  of cor re la t ion  of VA and vO2 and vco2 
a t  various periods during a tilt test 
1 2  
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Figure 1: Changes i n  parameters of external  resp i ra t ion  (1) and changes i n  
t h e i r  l eve l  ( 2 )  during a tilt test 
VE - respiratory minute volume; VO2 - minute volume of absorbed oxygen; 
v o2 - minute volume of exhaled carbon dioxide; R - resp i ra tory  coeff ic ient .  
&scissa -- duration of tilt test; Ordinate - % of baseline value. 
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Figure 2: Changes i n  parameters of partial pressure of oxygen (A) and carbon 
dioxide (B) i n  alveolar gas (1) and changes i n  t h e i r  l eve ls  (2) during a 
tilt test 
Key: as i n  Figure 1. 
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Figure 3: Mean group curves of dynamics of oxygen u t i l i z a t i o n  coef f ic ien ts  in 
horizontal  posi t ion (1) and a f t e r  tilt to v e r t i c a l  (11) 
Abscissa: time; Ordinate - 02UC, m l / l  
Figure 4: Individual curves of 02UC i n  horizontal  posi t ion and a f t e r  tilt to 
v e r t i c a l  
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State of cardiodynamics urder axditicms of long-term weightlessness. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 
2 2 ( 4 ) :  19-26; 1988. 
[26 references; 10  i n  English] 
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Cardiovascular and Respiratory Systems, Cardiac Cycle 
Humans, Cosmonauts 
Space Fl ight ,  Salyut-6, Salyut-7, Long-Term; LBNP, Physical Exercise 
Abstract: This paper summarizes and draws conclusions about 
cardiac dynamics based on analysis  of phase cycle dynamics i n  17 
cosmonauts during f l i g h t s  l a s t ing  96-237 days on board the  Salyut-6-Squz 
and Salyut-7-Soyuz space s t a t ion  complexes. Cardiac cycle dynamics were 
measured kinetocardiographically from the  region of the  apex beat of the  
heart using an onboard apparatus. An EKG, using DS leads, was also recorded. 
The following parameters were measured: duration of cardiac cycle, 
mechanical systole ,  d ias to le ,  e j ec t ion  period, f i l l i n g  period, isometric 
contraction and isometric relaxat ion phases, rapid f i l l i n g ,  s l o w  f i l l i n g  and 
auricle contraction. 
of in t ravent r icu lar  pressure (V =spa. -5)/isometric contraction, mm Hg) and 
mean rate of e jec t ion  of b l t d  %ram +%e l e f t  ven t r i c l e  (ratio of s t r o k e  
volume to e jec t ion  period, ml/sec). 
w a s  measured under conditions of r e l a t i v e  rest and i n  functional tests 
involving lower btdy negative pressure (LBNP) and graded physical exercise. 
LBNP was applied using a pneumovacuum s u i t  which w a s  hermetically sealed a t  
the  l eve l  of the crest of the  i l iac  bones. The decompression schedule w a s  
125 mm Hg f o r  2 minutes, -35 mm Hg f o r  3 minutes. 
conducted on a bicycle  ergometer with mean work of 750-800 kGm/min f o r  5 
minutes. D a t a  analysis  included a two-factor analysis  of variance and the  S- 
metho3 of mult iple  comparisons, which enabled study of the  e f f e c t s  of 
long-duration f l i g h t ,  comparison of mean values, and ident i f ica t ion  of periods 
which parameters d i f fe red  r e l i ab ly  from p re f l igh t  values. 
Results f o r  cosmonauts a t  rest are presented i n  Table 1. Duration of cardiac 
cycle and associated parameters of mechanical systole ,  d ias to le ,  e ject ion 
period, and f i l l i n g  period increased ins igni f icant ly  during month 1 of  
f l i g h t  and i n  subsequent months decreased or returned to normal. 
t h a t  are not c losely associated with cardiac cycle duration underwent 
s t a t i s t i c a l l y  s ign i f icant  changes. 
decreased by a maximum of 10% and isometric relaxat ion by 33-34%, while the 
rapid f i l l i n g  phase increased by 27-31%. These changes r e f l e c t  a functional 
res t ructur ing of cardiac ac t iv i ty ,  which is conceptualized i n  Diagram 1. 
This restructur ing develops pr imari ly  during month 1 of f l i gh t ;  months 2-8 
are marked by r e l a t ive  s t ab i l i za t ion  with cardiac phase s t ruc tu re  parameters 
tending to normalize. 
Derived parameters included i n i t i a l  rate of increase 
Phase s t ruc ture  of the  cardiac cycle 
An exercise  test was 
The phases 
The isometric contraction phase 
Tests with LBNP prtduced changes i n  cardiac parameters (compared to pretest 
levels)  s i m i l a r  i n  d i rec t ion  to those occurring pref l ight .  In  both cases, 
duration of the cycle, mechanical systole ,  d ias to le ,  f i l l i n g  perid, and 
s l o w  f i l l i n g  a l l  decreased, while isometric contraction and relaxation 
phases increased i n  duration. 
isometric contraction increased to a grea te r  extent  i n  space, vi  decreased 
in space i n  response to LBNP but  remained the  same (XI Earth; rapid f i l l i n g  
increased i n  response to LBNP p re f l igh t  but  decreased i n  space. Changes i n  
However, there  were a number of differences: 
i n  
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Relatively R q i d  Adaptive Readion5 
Decreased volume of plasma.' circulating blood' and interstitial fluid 
Relative increase in mass of erythrocytes and hemoglobin' 
Decrease in certain blood pressure parameters (primarily diastolic) - 
General schematic m o d e l  of the mechanisms underlying changes i n  the 
cardiovascular system i n  r e s p n s e  to weightlessness 
WEIGHTLESSNESS 
1 
~~~~~ ~ ~ 
Elimination of deformation and mechanical stress on body structures induced by Earth's gravity 
Absence of hydrostatic pressure 
I I I 
4 + 
Mechanical Receptors In the CNS 
Decrease in total afferent impulse 
Decrease in activity of dorsal (sympathetic) 
region of the hypothalamus 
Predominance of vagal tonus 
Fluid Redistribution In the Body 
Increase in cenbal blood volume 
Increase in pressure and occurence of 
reflex response from low pressure 
receptors 
Initial increase in venous return, stroke 
and minute volume and decrease in 
venous pressure gradient 
Increased Mood flow and pressure in 
kidney 
I I 
Vessels of Systemic and Pulmonay 
Circulation 
hcreased tonus and pressure reactions oi 
small vessels 
Stenosis of pulmonary vessels 
Distension of systemic vessels. 
Decreased peripheral resistance' 
Pooling of blood i i t he  visceral organs 
Fluld-Electolyte Metabolbm 
Reflexive inhibition of ADH secretion' 
Increased excretion of fluid and electrolytes 
Altered electrolyte ratios in body fluids' 
I
4 
Musculoskeletal System 
Development of muscle system 
deconditioning' 
Decreased activity of peripheral mtiscle 
pumping and effectiveness of venous 
pump' 
+ 
Cardiac Activity 
Initial increase in volume loading, followed 
by hydraulic resistance 
Increased systolic work and cardiac 
pumping in blood redistribution 
Increased cardiac activity 
Restructuring of cardiac cycle phases'  
Blood 
Delayed Adaptive Reactions 
Circulation 
Inhibition of erythropoiesis Eslablishment of balanced blood flow to the heart I 
Decreased total volume of erythrocyte mass' and 
hemoglobin' 
Decreased stroke volume loading and elastic resistance 
(decreased BP') 
Further decrease in circulating blood volume. Tendency for cardiac cycle to normalize 
Establishment of new level of functioning for the circulatory system with decreased tolerance for gravity' 
Stabilization of reactions due to triggering of reflexes from the carotid sinus 
Space fli&t data 
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I 
total  durat ion and i n  mechanical sys to le  and auricle sys to le  were more 
marked i n  space during month 1 only, while response of the  isometric 
relaxat ion phase grew more pronounced during the later portion of the  
f l igh t .  
decreased volume loading on the heart and decreased con t r ac t i l e  force 
suggesting the  development of myocardial hypodynamia syndrome. Changes 
occurring i n  the  cardiac cycle 
extent  not direct ion)  i n  month 1 and months 2-8, as can be seen i n  
Figure 1. 
response to LBNP is more severe during months 2-6 of f l igh t .  
Both before and during the  f l i g h t ,  the  Ll3NP test evoked s igns of 
i n  response to LBNP were d i f f e ren t  ( i n  
These differences imply t h a t  underloading?? of the  heart i n  
A graded physical exercise provocative test w a s  conducted to assess 
compensatory-accommda t i v e  mechanisms and s t a t u s  of the  cardiovascular 
system, as w e l l  as the  physical work capacity of the cosmonauts. 
and inf  l i g h t  tests, cardiovascular parameters were measured during the  f i r s t  
minute a f t e r  exercising and compared to pretest values. Both before and 
during the  f l i g h t ,  exercise  led to a marked postexercise shortening of total 
cycle duration, mechanical systole ,  e jec t ion  period, d ias to le ,  f i l l i n g  
period, slow f i l l i n g  phase, and auricular  systole. Both isometric 
contraction and relaxation phases were shortened. The only difference 
between pre- and i n f l i g h t  response was tha t  the rapid f i l l i n g  phase 
decreased i n  duration i n  f l i g h t  and increased pref l ight .  
underlying the  e f f e c t s  of provocative tests i n f l i g h t  are presented i n  
Diagram 2. 
by the cosmonauts who w e r e  subjects for  t h i s  study. The authors conclude 
t h a t  the  changes i n  cardiac cycle occurring i n  space, both a t  rest and i n  
response to provocative tests, do not progress during long-term f l i g h t s  and 
may be considered adaptive responses to weightl.essness. 
In  pre- 
Mechanisms 
The authors emphasize t h a t  extensive countermeasures were used 
Table: Changes i n  mean values of major parameters of cardiac a c t i v i t y  i n  
cosmnauts a t  rest during long-term space f l i g h t s  
PZ=* Preflight 
Cycle duration, msec 
Mechanical systole ,  msec 
Isometric contraction, msec 
Ejection period, msec 
Rapid ejection?? , msec . 
Diastole, msec 
Isometric relaxation, msec 
Rapid f i l l i n g ,  msec 
Auricular systole ,  msec 
Slow f i l l i n g ,  msec 
990 
34 4 
52 
291 
93 
592 
101 
71 
68 
454 
F l i g h t  
Month 1 mths 2-8 
1060 960 
35 5 338 
50 47 
30 2 290 
84 86 
639 54 9 
67 68 
93 90 
64 66 
487 30 5 
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Diagram 2: Proposed schematic model of the  mechanisms underlying changes i n  
cardiac a c t i v i t y  i n  response to provocative tests 
Initial Hemodynarm 'c state 
Decreased volume of c i rcu la tory  blood* and i n t e r s t i t i a l  f h i d *  
Increased blood volume i n  the cardiopulmnary region 
Decreased vascular tonus* and deconditioning of venous return mechanisms 
Increased compliance of the veins of the calves," decreased muscle tonus and 
pressure of i n t e r s t i t i a l  f l u id  i n  the region of the lower limbs 
Formation of zones of f r e e  venous compliance i n  the region of the calves (at  
rest there  is no tension <XI the  venous w a l l s  due to transmural pressure) 
Mechanism of Change In Response to IBNp and Exercise 
IBNP 
Greater sh i f t i ng  of b l x d  from the  cardio- 
pulmonary region to the  vessels  of the  
decompression zone and greater  increase i n  
leg volume* than occurs on Earth 
Greater decrease i n  venous return,  
s troke*  and minute* bkxd volumes 
Greater decrease i n  blood volume and 
pressure i n  the  cardiopulmnary 
region and re f lex ive  increase i n  
adrenergic e f f e c t s  
Increased compensatory react ions 
i n  the  form of grea te r  increase i n  
hear t  rate* and peripheral  resistance* 
Restructuring of phase s t ruc ture  of 
the cardiac cycle and development 
of myocardial hypdynamia syndrome 
due to establishment of d i f f e ren t  
re la t ionships  m n g  the major 
phases of the  cycle* 
*Space f l i g h t  data 
Exercise 
Greater red is t r ibu t ion  of blcxxl 
f ran the cardiopulmonary region 
to the  venous bed of the  legs 
than occurs on Earth 
Less increase i n  venous return 
and s t r o k e  volume and increase 
i n  minute volume; primarily due 
to increased heart rate* 
Greater decrease i n  bl<x)d volume 
and pressure i n  the  cardiopul- 
monary region, and ref lexive in- 
crease i n  adrenergic e f f e c t s  as 
well as d i r e c t  act ivat ion of the  
sympathetic nervous system by 
exercise 
Increased pos i t ive  inotropic  
e f f e c t s  and production of 
catecholamines 
Restructuring of cardiac cycle 
and development of myocardial 
hypodynamia syndrome (due to 
d i f f e ren t  re la t ionships  among 
phases of the  cycle)* 
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Figure 1: Dynamics of the  major parameters of cardiac cycle phase s t ruc ture  
i n  cosmonauts during 96-237 day f l i g h t s  on Salyut-6- and Salyut-7-Soyuz 
space stat ion complexes i n  response to LBNP tests 
Here and i n  Figure 2, a-e - cardiac cycle duration, d ias to le ,  e ject ion 
period, isometric contraction phase, isometric relaxation phase, and 
rapid f i l l i n g  phase; 1- pref l igh t ,  2 - month 1 of f l igh t ;  3 - months 2-8 
of f l i gh t ;  white bars pre-LBNP; hatched bars - with decompression of 
-35mm HG 
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Figure 2: Changes i n  major parameters of cardiac cycle phase s t ruc ture  i n  
cosnw>nauts during 96-237 day f l i g h t  un the  Salyut-6- and Salyut-7-Soyuz 
space s t a t ion  complexes in  response to a graded physical exercise  test 
White bars-mean baseline values; hatched bars - mean values during minute 
1 of the p s t e x e r c i s e  recovery period 
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Investigation of he-c respanse to a modified tilt test in individuals 
varying in their tolerance of +cz acceleration. 
Kosmkheskaya Biolcxjiya i Aviakosmicheskaya Meditsina . 
[15 references; 4 i n  English] 
Suvorov PM, Ivanchikov Ap, Kondakov AV, Sidorova KA. 
22(4) : 27-30; 1988. 
Cardiovascular and Respiratory Systems , Hemdynamic Respnse 
Humans, Individual Differences, Acceleration Tolerance 
T i l t  Test 
Abstract: A modified tilt test, involving sequent ia l  upright and head-down 
tilt posi t ion combined with t c c l u s i m  cu f f s  on the  thigh has been proposed 
as an improvement over the traditional tilt test (passive upright posi t ion 
only) f o r  purposes of predictiry tolerance of ffi, accelerati(~~. 
attempted to compare hemodynamic responses to t h i s  modified tilt test 
(MTT) i n  individuals  known to d i f f e r  i n  t h e i r  tolerance of  +Gz* 
the  experiment were 40 pilots, aged 25 to 45. 
revealed t h a t  13 p i l o t s  had diminished tolerance of + 5 ~ ,  accelerat ion as 
assessed with standard criteria. Each subject  underwent a t r ad i t i ona l  and a 
m o d i f i e d  tilt test. The latter involved a 5-minute period i n  head down tilt 
posi t ion a t  an angle of -30", followed by a s h i f t  tr) upright posi t ion with 
simultaneous in f l a t ion  of the tcclusion c u f f s  to a pressure of 100-110 mm Hg 
i n  experiment 1 and to 50 mm Hg  i n  experiment 2. 
posi t ion w a s  10 minutes. Occlusion cu f f s  were placed on the upper t h i r d  of 
the thigh. 
changes i n  sys to l i c  and minute volumes of  blcxd were registered using 
tetrapolar impedance plethysmography; while d i a s to l i c ,  mean dynamic, and 
t rue  sys to l i c  b k x d  pressure were measured using a tackxoscillogram i n  the 
brachial  artery. The following parameters of myocardial c o n t r a c t i l i t y  were 
also measured: cardiac index, s t rength of contract ions of t he  l e f t  
ventr ic le ,  expenditure of cardiac energy to move 1 liter of blcxd, spec i f i c  
ac tua l  and working per ipheral  res is tance,  and arterial  tonus stress. D a t a  
was analyzed using the t statistic and Pearson cor re la t ion  coeff ic ients .  
This study 
Subjects in 
Testing on a centrifuge,  
T i m e  spent i n  upright 
EKG's were recorded during the  tests using standard leads; 
In  the  f i r s t  experiment ((cclusion of 100-110 mm Hg i n  modified test), 
responses of hemodynamic parameters to upright posi t ion i n  the  m d i f  ied test 
w a s  s i m i l a r  to t h a t  f o r  a standard tilt test. These included a mtderate, 
but  s ign i f icant ,  increase i n  hear t  rate and an increase i n  specific ac tua l  
per ipheral  res is tance,  decrease i n  pulse  blcxd pressure, sys to l i c  blcxfi 
volume, and cardiac index, c o m p a r e d  w i t h  baseline data measured i n  
horizontal  position. Cardiac index d e f i c i t s  during minutes 1-10 i n  the  
upright posi t ion were v i r t u a l l y  iden t i ca l  i n  both tests (30.3 and 30.6%, 
respectively) . Sinusoidal tachycardia and decrease i n  sys to l i c  blcxfi volume 
were s igni f icant ly  grea te r  i n  the t r ad i t i ona l  tilt test than i n  the modified 
one during the  f i r s t  minute i n  upright position. This difference was 
eliminated by minute 10. 
re f lec ted  a r e l a t ive ly  high l eve l  of  c i rcu la tory  homeostasis, which w a s  
confirmed by the  subjects '  subject ive assessments of  t h e i r  state. 
general, no differences were found between response to the t w o  tilt tests 
when the  groups w i t h  high and l o w  accelerat ion tolerance were considered 
separately. However, during minute 10 of the  modified test, those with 
diminished tolerance displayed a small but  s ign i f i can t  decrease i n  mean 
bltxd pressure compared to t h a t  occurring i n  response to the  t r ad i t i ona l  
test. 
In both tests major hemodynamic parameters 
In  
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In the second experiment, where cuff pressure was 50 mm Hg i n  the  modified 
test, IY) s t a t i s t i c a l l y  s ign i f i can t  differences were observed between 
parameters f o r  the  t w o  tests. The authors conclude tha t  the  very s l i g h t  
differences between the t w o  tests do not j u s t i f y  use of the  modified 
procedure f o r  predicting accelerat ion tolerance. 
Table: Changes i n  major hemodynamic parameters i n  response to t r ad i t i ona l  
and modified tilt tests 
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P921(20/88) * Vilkov VG , Shamarin VM. Shall nova SA, Dmitriyeva VS. 
'Ihe effect of exercise on changes in blood pressure, heart rate and 
electrocardiogram i n  upright position. 
Kosmicheskaya Biolcgiya i Aviakosmicheskaya Medi t s ina  . 
22(4):  43-47; 1988. 
[23 references; 9 i n  English] 
Cardiovascular and Respiratory Systems , B1txx.l Pressure , Heart Rate , EKG 
Humans, Males and Females, Pat ients ,  Hypertension, Ischemic Heart Disease 
Exercise , Upright Posit ion 
Abstract: The goal of t h i s  work was to study how exercise  a f f e c t s  
the  nature and ex ten t  of changes i n  cardiac parameters i n  response to 
assumption of  an upright position. 
individuals (15 males and 7 females), 28 pa t i en t s  suffer ing from high bled 
pressure (19 males and 9 females), and 10 pa t ien ts  with chronic ischemic hear t  
disease (6 males and 1 female). Mean age of the  three groups was 44.1, 42.7 
and 53.4, respectively. Subjects were required to perform graded submaximal 
exercise  on a bicycle ergometer i n  horizontal  posi t ion with work load 
increasing by 25 W every 3 minutes. 
assumptim of upright posi t ion f o r  5 minutes, once before and once 6 minutes 
a f t e r  exercising. EKG's were recorded from 12 t r ad i t i ona l  leads, sys to l i c  
and d i a s t o l i c  bled pressure were measured, and hea r t  rate was derived from 
EKG. Measurements w e r e  made during minutes 1 and 5 i n  the upright posi t ion 
before and af ter  exercise,  as w e l l  as before and a f t e r  exercise  i n  the  
horizontal  position. Differences between baseline and post-exercise 
heart rate a d  sys to l i c  and d i a s t o l i c  pressures w e r e  computed fo r  each of 
the  t w o  posit ions.  
Subjects were 22 apparently healthy 
Each subject  was tested twice a f t e r  
A f t e r  exercise,  upright posi t ion was associated with s ign i f i can t  decreases 
i n  sys to l i c  bled pressure i n  a l l  three groups. 
e f f e c t  w a s  only noticeable i n  hypertensive subjects. 
pressure increased i n  healthy subjects  i n  response to the  upright position. In 
hypertensive pat ients ,  bled pressure did  not change while they were i n  the  
upright posi t ion before exercise  and increased a f t e r  exercise. Subjects with 
high blood pressure showed l o w e r  b l m d  pressure i n  horizontal  posi t ion a f t e r  
exercising than before. Negative changes associated with upright posi t ion 
(e.g., depressed T wave and ST) were less pronounced after exercise  than 
before i n  50% of the  subjects. 
Before exercise  t h i s  
Diastolic blcxil 
mble: Changes i n  b1txx.l pressure and hear t  rate i n  healthy individuals  and 
subjects  with high b l u d  pressure and ischemic hea r t  disease 
Figure: EKG (of subject  K ,  63 years o ld  with 1 2  t r ad i t i ona l  leads 
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P934 (20/88) * Vorob'yev We, Goncharov IB, Abdrakhmanov VR, Voronina SG. 
I Characteristics of changes in cardiac output and blood gases in humans 
, exposed to sirmlated teightlessness. I 
Kosmicheskaya Biolcqiya i Aviakosmkheskaya Meditsina . 
2 2 ( 4 ) :  94-96; 1988. 
[6 references; 3 i n  English] 
Cardiovascular and Respiratory Systems, Cardiac Output, B l t w d  Gases 
Humans, Males 
Hypokinesia with Head-Down T i l t ,  Long-Term 
Abstract: This study compared changes i n  cardiac output measured using 
Fick's p r inc ip le  and i n  blood gases i n  humans undergoing long-term 
hypokinesia with head-down tilt. 
part ic ipated i n  t w o  experiments. 
period before treatment and <XI days 30, 55, and 90 of a 120-day pericd of 
hypokinesia with head-down tilt (-4O). Samples of arterial blcxxl were taken 
from the ulnar a r t e ry  and analyzed immediately fo r  
carbon dioxide pressure. Gas components of inspired and expired air  were 
analyzed using a paramagnetic oxygen analyzer and an infrared c02 analyzer. 
r e s u l t s  were used to compute the  alveolar-ar ter ia l  oxygen gradient. Minute 
vent i la t ion  w a s  determined with a spiromekr. Cardiac output w a s  
determined bY measuring CO 
output w a s  computed using &e f o l l m i n g  formula: 
Twenty apparently healthy males 
Measurements were made during a baseline 
partial oxygen and 
pressure and oxygenation using rebreathing. 
vco2 
cv-c02-Ca~2 
where Qt is cardiac output ( in  l/min). VC02 is the  amount of CO expelled 
from the  lungs ( in  ml/min) and ~ - C 0 2 - C a c 0 2  is the ve in -z t e ry  &fferenCe 
i n  C02 ( in  m l  per 100 m l  blood). 
subjects were a t  rest 
down tilt during treatment). 
di f ferences,  and Spearman cor re la t ion  m e f  f i c i e n t s  w e r e  also computed. 
. =-------------- 
Q3 
All measurements were made while 
( in  a horizontal  posit ion during baseline, and i n  head- 
Students' t was used to test significance of 
On day 30 of hypokinesia, subjects  showed a s igni f icant  decrease i n  oxygen 
pressure i n  arterial blaxl  and a simultaneous tendency f o r  the alveolar- 
arterial oxygen gradient to increase. On day 55, C02 pressure increased as 
w e l l .  On days 55 and 90 of hypokinesia, the venous-arterial differences i n  
vent i la t ion  may be responsible fo r  some of the  other  effects. 
cutput decreased r e l i ab ly  on days 30 and 55 of hypokinesia. 
argue tha t  decreased output i n  hypokinesia has a s igni f icant  e f f e c t  on the  
vein-artery difference i n  C02 pressure. 
during the  first half  of the  hypokinesia period, there  w a s  a r e l a t ive ly  close 
association between cardiac output and oxygen pressure i n  arterial blmd. 
During the  second half  of hypokinesia, the  s i z e  of the  cor re la t ion  decreased 
or even became negative i n  s o m e  subjects. The authors conclude t h a t  t h e i r  
r e s u l t s  show t h a t  changes i n  cO2 pressure i n  venous blood during 
exposure to hypokinesia with head-down tilt r e f l e c t s  the inadequacy of C02- 
t ransport  mechanisms, including alveolar  vent i la t ion,  pulmonary gas 
exchange, cardiac output, and CO transport. All these factors ,  not j u s t  
alveolar vent i la t ion,  must be inhuded when e f f e c t s  of t h i s  model are 
considered. Correlation analysis  demonstrates the special importance of 
cardiac output.  
concentration were elevated, suggesting tha t  insuf f ic ien t  a lveolar  
Cardiac 
The authors 
Correlational analysis  showed t h a t  
23 
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Table: Changes over t i m e  i n  parameters of cardiac output and bl(& gases i n  
subjects  exposed to hypokinesia with head-down tilt 
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M140 (20/88) Yu. Vedru (ed i tor )  . 
Kiinicheskiye, matematicheskiye i inzhenernyye problemy sportivncy meditsiny 
[ C l i n i c a l ,  mathematical and engineer- issues i n  sports d c i m .  
Tartu [Estonia] : Tartu S ta te  University [Press] : 1988. 
Aff i l ia t ion :  Tartu S t a t e  University 
KEY WXDS: Cardiovascular and Respiratory Sys tems, Cardiac Volume, External 
Respiration, Operational Medicine, Exercise, Sports, Mathematical Modeling, 
Equipment and Instrumentation 
cc"m 
( N u m b e r s  i n  parentheses r e f e r  to page numbers i n  the  original.)  
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(3 )  
A.P. Landyr'. 
using long-exposure?? [photo] fluorography ( 11) 
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(See also: B i o l o g i c a l  Rhythms M142; Immunolqy P913) 
PAPERS: 
P928 (20/88) * Kiri l lov 01 , Kurilenkco LA. 
The effect of long-term hypokinesia on the androgen system of rats. 
Kosmicheskaya Biolcgiya i Aviakosmicheskaya Meditsina. 
2 2 ( 4 )  : 74-76; 1988. 
[20 references; 11 i n  English] 
Endocrinology , Androgen System, Reproductive Biology 
Rats, Male 
Immbil i  za t i o n  , Cages 
Abstract: Male Wistar rats with i n i t i a l  btdy weight of 145-155 were 
placed i n  immobilization cages. Control rats were housed i n  normal cages. 
Eight rats from each group were sacr i f iced a f t e r  1, 5, 10, 15, 20, 30, 45, 
60, and 90 days and t h e i r  testes, seminal vesicles ,  and prostate  glands were 
extracted and weighed. 
poured i n t o  paraffin. Sections w e r e  produced and stained w i t h  
hematoxylin and eosin. From each secticon, 200 nuclei  f r o m  the r e t i c u l a r  zone 
were traced at  a magnification of 1200; nuclei  were measured and volumes 
computed. 
criterion of p 5 0.001 fo r  nuclei  volume and p < 0.05 fo r  the remaining 
parameters. L C ~  transforms were apparently u s 3  i n  s o m e  <or a l l  cases. 
The l e f t  adrenal was fixed i n  Carnoy's f ixa t ive  and 
Significance was tes ted  using t-tests with a significance 
During the  90-day period, the  body weights of control  rats more than 
doubled. During the  ea r ly  (< 30 days) hypokinesia period, growth of 
experimental rats w a s  retarded r e l a t i v e  to controls  and then began to 
decrease tr) b e l o w  baseline. 
gland increased by a factor  of 2.7 i n  control  animals. 
the weight of the vesicles  and prostate decreased r e l i ab ly  a f t e r  5 days of 
treatment. On days 45 and 60, these organs weighed less than half  those of 
the controls. While testes weight was b e l o w  t h a t  of controls  throughout the 
experiment, the  difference w a s  never s t a t i s t i c a l l y  s ignif icant .  The authors 
postulate  t ha t  an increase i n  the  leve l  of 5 alpha-dehydrotestosterone i n  
plasma, associated with stress, maintained testes weight. In 
immobilized rats, the  volume of cell nuclei  w a s  s ign i f icant ly  higher than 
i n  control  rats on days 1 and 5 of treatment. During days 10 and 15, 
the difference was no longer s ignif icant .  And on days 20 and subsequently, 
nuclei  volume decreased progressively i n  experimental animals. 
The weight of the seminal ves ic les  and prostate 
In immobilized rats, 
The authors conclude t h a t  the  responses of various components of the  
androgenic system to long-term hypokinesia are different .  The greatest 
change is a decrease i n  the  weight of the seminal vesicles  and prostate. 
The cell nuclei  i n  the  r e t i c u l a r  zone of the  adrenal cortex undergo 
hypertrophy during the  ea r ly  immobilization period, which is l ike ly  to be 
associated with s t imulat ion by corticosterone ra ther  than androgens. Later 
i n  the hypokinesia treatment the volume of cell nuclei  i n  the  r e t i c u l a r  zone 
decreased b e l o w  control  level. This phenomenon is l ike ly  to be s igni f icant  
for maintaining reproductive function. 
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Table: Volume of cell nuclei  i n  the r e t i c u l a r  zone of the  adrenal  cor tex i n  
cont ro l  rats and rats subjected to hypokinesia 
Figure: Weight of bdy, seminal ves ic les  and prostate gland, and testes i n  
cont ro l  rats and rats subject  to hypokinesia. 
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P927 (20/88) * Vetroova YeG, Drozdova TYe, Poopova IA. 
The effect of horizontal hypokinesia and hypdunes - ia with head-down tilt an 
activity of serum enzymes. 
Rosmicheskaya Biologiya i Aviakosmicheskaya Meditsina . 
22 (4 )  : 70--73; 1988. 
[16 references; 2 i n  English] 
Enzymoloq-y , Hematolcgy , Serum Enzymes 
Humans , Males 
Hypokinesia , Bed R e s t  , Horizontal , Head-Dtm T i l t  
Abstract: The goal of t h i s  work w a s  to invest igate  the  a c t i v i t y  of a number of 
human serum catabolic and transamination enzymes under conditions of 
weightlessness as simulated by hypokinesia with varying angles of head-down 
tilt and under exposure to emotional stress. Subjects were 10 healthy male 
volunteers, of whom 5 w e r e  subjected to a 7-day perid of bed rest i n  a 
horizontal  posi t ion (group 1) and 5 to a head-dtwn posi t ion (-60) (group 2). 
Bkxd was taken from fas t ing  subjects  i n  a supine position from the ulnar 
vein on days 6, 12, and 14  before beginning treatment; on days 2, 4, and 7 
of bed rest; and on days 2 and 7 of  a recovery period. Enzymes studied 
included malate dehydrogenase, istxitrate dehydrogenase, lactate 
dehydrogenase, a lanine aminotransferase, and creatine kinase and its 
iswnzymes. 
reagents. 
e lectrophoresis  i n  a polyacrylamide gel. 
a c t i v i t y  of i sox i t r a t e ,  malate dehydrogenase, c r ea t ine  kinase and the  
d i s t r ibu t ion  of  malate dehydrogenase isoenzymes, was studied i n  male 
s tudents  w h o  had j u s t  taken a univers i ty  entrance examination. 
taken from the  ulnar vein immediately before t h i s  beginning of the  
examination and immediately afterward. 
s ta t i s t ica l  r e l i a b i l i t y  . 
Activi ty  l eve l s  were determined with a standard set of 
Isoenzymes of malate and lactate dehydrogenase w e r e  studied using 
Effec ts  of  e m o t i o n a l  stress on 
Blcxd was 
Student's t w a s  used to determine 
A l l  parameters measured w e r e  within normal l i m i t s  before the study. 
Beginning on day 2 of hypokinesia, there  was a gradual decrease i n  a c t i v i t y  
of malate and istxitrate dehydrogenase of 25 and 29%, respect ively i n  group 
1, and 19 and 20% respect ively i n  group 2. Minima were reached con day 7 of 
treatment. During the recovery pericd , istxitrate dehydrogenase normalized 
on day 2, and malate dehydrogenase on day 7. N o  s ign i f i can t  changes were 
observed i n  lactate dehydrogenase, a lanine dehydrogenase, aspartate amino 
t ransferase,  or i n  d i s t r ibu t ion  of isoenzymes of malate and lactate 
dehydrogenase. 
group 1 and by 29% i n  group 2 due to a one-time increase i n  muscle and 
myocardial isoforms. Subsequently, on days 4 and 7, these l eve l s  dropped to 
b e l o w  baseline. 
By day 7 of readaptation, a c t i v i t y  of creatine kinase and its isoenzymes had 
returned to baseline. I n i t i a l  increase i n  t h i s  a c t i v i t y  i n  hypokinesia is 
a t t r ibu ted  to a stress reaction. Thus the  enzyme a c t i v i t y  changes txcurr ing 
i n  response to the t w o  d i f f e ren t  models of hypokinesia involve only malate 
and istxitrate dehydrcgenase, which act to transform the  substrate of 
By day 2, c r ea t ine  kinase a c t i v i t y  had increased by 38% f o r  
This decrease was s t a t i s t i c a l l y  s ign i f i can t  f o r  group 1. 
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I (oxidative m e t a b o l i s m  i n t o  the Krebs cycle, and crea t ine  kinase, which 
catalyzes the  resynthesis  of ATP by transforming crea t ine  phosphate. 
stress paradigm. 
I 
I Signif icant  changes i n  these enzymes were mot m t e d  i n  connection with the 
The authors conclude t h a t  the  decrease i n  a c t i v i t y  of serum enzymes t h a t  
occurs i n  response to hypokinesia and recovers rapidly a f t e r  i ts termination 
r e f l e c t s  depressed energy u t i l i za t ion ,  is mot re la ted to hemodynamic 
changes or emotional stress, and is mainly adaptive i n  nature and spec i f ic  to 
m t i o n  d e f i c i t .  
Table 1: Activi ty  of enzymes and d is t r ibu t ion  of isoenzymes i n  b k x d  serum 
during horizon ta  1 hypokinesia 
Table 2: Activi ty  of enzymes and d is t r ibu t ion  of isoenzymes i n  bltxd serum 
i n  hypokinesia with head-down tilt 
Table 3: Activi ty  of enzymes and d is t r ibu t ion  of  isoenzymes i n  bkxd serum 
i n  response to emotional stress 
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P941(20/88) Chetkauskayte AV, Grinyus U, Mukhin LM. 
l%e stimulating effects of polyphosphates <x1 the formation of peptides 
f r a n  glycine and phenylalanine amine under abiogenic conditians. 
Zhurnal EVOlyUtSiOMOy Biokhimii i F i z i o l q i i .  
XXIV(4) : 465-470; 1988. 
[17 references; 1 4  i n  English] 
Exobiology, Abiogenic Synthesis 
Peptides 
Rolyphospha te s 
Abstract: The goal of t h i s  experiment was to determine i f  polyphosphates 
can serve as an energy source i n  react ions when peptides form from amides of 
amino acids. Glycine amide (GlyNH ) and phenylalanine amide (PheHG2) were 
synthesized i n  the  laboratory. de reactitxl mixture ( f i n a l  volume 0.1-0.25) 
was prepared by dissolving the glycine of phenylalanine amides to a f i n a l  
concentration of  50 mM i n  a medium containing 0.3M imidazol (pH 10.0). 
medium addi t ional ly  contained 0.1M pyrophosphate or tripolyphosphate or 
10.2 mg Graham's salts i n  1 m l .  
with the exception of  t he  experiment where the  e f f e c t  of  Ca* on the  
polymerization pr txess  was studied, and pH was 7.0 to prevent Ca 
precipitation. 
days a t  d i f f e r e n t  temperatures. 
horizontal  e lectrophoresis  i n  a 0.03M triethylamine-bicarbonate buffer  with 
pH of 7.0 a t  1300 V f o r  35 minutes on FN2 chromatographic paper, which had 
f i r s t  been washed i n  1N HC1 and water u n t i l  it reached a neut ra l  pH. Gly- 
g ly  was used to calibrate the instruments. The electrophoregram w a s  f ixed 
with a 0.5% solut ion of ninhydrin i n  acetone i n  the  presence of  1% volume of 
96% acetic acid and 5% water, incubated f o r  5 minutes a t  20" C and then 
l e f t  a t  60" C f o r  30 minutes. The color indica tors  were c u t  ou t  and e lu ted  
for 3 hours i n  the  dark by 80% ethanol. containing cupric  n i t r i c  acid. 
Optical densi ty  of the  e lua t e  w a s  determined spectrophotometrically a t  510 
nm. 
boiled dry and the  p rec ip i t a t e  suspended i n  6N of  hydrtxhloric acid and 
incubated f o r  24 hours a t  110" C. 
p rec ip i ta te  washed to neut ra l  pH and analyzed i n  a butanol-acetic acid-water 
system (4:l:l;). 
column chromatography of the polymerization pr tduc ts  was performed (XI a 
column f i l l e d  with sephadex G-10. 
rate of 8.4 ml/hour and the o p t i c a l  dens i t i e s  of  the  l iqu ids  produced were 
recorded a t  252 nm. 
presence of l a b i l e  phosphate esters (or high concentrations of  ATP before and 
after polymerization of GlyNH 
r e s u l t s  of th ree  parallel s tusies .  
The 
The pH of the reactitxl mixture w a s  10.0, 
U 
The react ion ttxok place i n  sealed ampuls over a period of  1 2  
Polymerization pr tduc ts  were analyzed using 
Ro determine the amino acid composition of t he  products, the  e lua t e  w a s  
The hydrochloric acid was boiled and the  
Liquid A m i n o  ac ids  were detected with ninhydrin a t  60'2. 
The column was washed with water a t  a 
The amount of  orthophosphate w a s  determined i n  the 
Mean deviation was determined f o r  the  
Electrophoretic analysis  Showed t h a t  when G1yNH2 was 
the absence of Graham's salts i n  the  medium, substances with l o w  mobili ty 
predominated. 
olymerized, substances 
formed which could be distinguished by t h e i r  electrop f oretic mobility. In 
When the  salts were present, addi t ional  substance 
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substances with higher mobili ty f o r m e d .  When the pr tducts  were analyzed the  
p r o f i l e  of  t he  more m o b i l e  products showed the  presence of one m a j o r  and t w o  
minor peaks. Analysis revealed a background quant i ty  of GlyNH 
peaks, while the  major peak contained Gly-Gly and traces of hy-Gly-Gly. 
When the  f r ac t ions  i n  the  main peak were boiled dry and hydrolyzed, only Gly 
was obsen7ed. 
s t imulat ing e f f e c t  of Graham s salts (total y ie ld  was 75% with the  salts, 
45% without them). I f  Graham's salts were present, the  optimum temperature 
f o r  Gly-Gly formation was 30-40') C (in the  absence of the  salts the optimum 
w a s  50-80° C) The maximum y ie ld  of  other  oligtopeptides occurred a t  20° C. 
The total  y ie ld  of oligoopeptides reached 75%. The s t imulat ing e f f e c t  of 
Graham's salts occurred a t  2 p H  intervals :  6-10 and 3-2. Maximum peptide 
yield occurred a t  pH of 10. In  addi t ion to Graham's salts, tripolyphosphate 
and pyrophosphate also stimulated production of Gly-Gly. The amount of Gly- 
Gly formed f a r  exceeded the amount of inorganic polyphosphates. 
I n  study of polymerization of Phe" 
tripolyphosphate, t h e  amount of ort6ophosphate prtduced was approximately 
equal to t h a t  of oligopeptide, while i n  a mixture containing Graham's salts 
the  production of orthophosphates w a s  greater. N o  cor re la t ion  w a s  found 
between the  production of oligopeptides and orthophosphate i n  observations 
o f  t he  effects of Ca++ on GlyNH polymerizatloon. Introduction of Caw led 
to a decrease i n  y ie ld  of  Gly-G?y when the  mixture contained Graham's salts 
and tripoly@ospha tes. However, i n  the  presence of  pyrophosphates the  y ie ld  
of Gly-Gly increased when calcium w a s  added. 
for a l l  
Study of GlyNH? i n  a wide temperature range showed the  
it w a s  found t h a t  i n  decomposition of 
The authors conclude t h a t  Graham's salts, tripolyphosphate and pyrophosphate 
can act as ca t a lys t s  for the  formation of peptides from the corresponding 
amino acid amides i n  a htmqeneous medium. 
Table 1: The e f f e c t s  of polyphosphates on polymerization of GlyNH2 
Inorganic polyphosphate Yield (m) 
M e t a l  Method2 
in mdim Gly-GlY 
Absent 4.7 0.0 0.0 
Pyrophosphate 12.0 0.0 0.0 
Tripolyphosphate 14.3 8.2 6.9 
Graham's salts 4.8 6.0 5.9 
Table 2: The e f f e c t s  of polyphosphates on polymerization of PheNH2 
Inorganic polyphosphate Yield (M) 
in mdim O I i ~ t i d e S  Pi 
Methodl Mf=thod2 
Absent 1.6 0.0 0.0 
Pyrophosphate 4.9 1.6 3.0 
Tripolyphosphate 2.9 3.3 3.7 
Graham's salts 1.5 2.5 4.5 
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start, 
Figure 1 : Electroophoregram of pr tducts  of GlyNH2 olymerization 
I n  4 t h e  
On the  start l ine:  1 - 500 nmole glyNH2, 2 - 5 f mole 
Gly-Gly, 3.4 - 10  u l  each polymerization prcducts. 
polymerization mcurred i n  the  presence of Graham's salt. Polymeriza tim 
temperature: 200 c 
AD4 0*'5h .03 o IO 30 5 70 ?TO m i n  
start 
b 
Figure 2: Pur i f ica t ion  of pr tduc ts  of polymerization of GlyNH2 (on sephadex 
G-10 (1) and ana lys i s  by TCX method (b) . 
A - (optical dens i ty  a t  wavelength 252 nm, 
On the  start line: 2 um each of 50 times concentrated e lua t e  of products 
of polymerization f r o m  peaks 1, 2, 3. Polymerization occurred a t  50° c i n  
t h e  presence of Graham's salts. 
B - e lu t ion  volume ( m l ) .  
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Figure 3: Yield Of polymerization Of G1yNH2 i n  the  absence (a) and presence 
(b) of Graham's salts a t  d i f f e ren t  temperatures. 
A - yie ld  of oligopeptides i n  polymerization (%), B - temperature of 
polymerization (<) C). 
oligopeptides, 3 - total  y ie ld  of peptides. a - y ie ld  of Gly-Gly, b - yie ld  of other 
a 
2.0 
2.0 1 
-2.01 -2.0 
-3. 0 
-4.0 
b 
Figure 4: Effect  of Ca* on y ie ld  of Gly-Gly (a) and formation of P i  (b)in 
p)lymerization of GlyNH2. 
A - Change i n  y ie ld  of Gly-Gly (mM,a) or formati0n of Pi (mM, b) with 
Ca* i n  the  medium, containing i n  addition: 1 - Graham's salts, 2 - 
tripolyphosphate, CaC12 added fo r  a f i n a l  concentration of 10m. 
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Hematology, Hemopoiesis 
Mice, Males 
Imwbil izat ion Stress, Opioid Peptides, Lev-Enkephalin 
Abstract: The goal  of t h i s  work was to determine the  e f f e c t  of ce r t a in  opioid 
peptides, lev-enkephalin and i ts  synthet ic  analogue, dalargin,  on response 
of the  blcxd system to immoobilizatim stress varying i n  duration. 
Ekperiments were performed (m 500 outbred male mice subjected to 6-hours 
[daily?? authors do not  specify] of immobilization om their  backs f o l l o w e d  
by a s ingle  in t raper i tonea l  in jec t ion  of lev-enkephalin or dalargin i n  a 
dose of 100 ug/kg. A cont ro l  group also underwent immobilization, but 
received cmly i so tonic  saline.  Material f o r  study w a s  taken a t  various 
periods a f t e r  treatment began (up to 10 days). The quant i ty  and types of 
cells i n  peripheral  blcxfi (leukocytes, erythr tcytes ,  and ret iculocytes)  w e r e  
determined, as w a s  the  total  number of myelokaryocytes ( in  the  femur). 
Smears of bone m a r r o w  were used to obtain a myelogram. Mitotic a c t i v i t y  of 
bone m a r r o w  c e l l u l a r  elements was evaluated s ta tokinet ical ly .  
before s a c r i f i c e  mice were given intraperi toneal  inject ions of colchicine 
i n  a dose of 4 mg/kg. The s t a tok ine t i c  index w a s  computed per 1000 
erythrocyte and granulocyte hemoplietic cells potent ia l ly  able to divide. 
Concentration of 11-OCS w a s  determined f luorometrically. 
One day after immobilization, the  animals showed s igns  of developing the  
cha rac t e r i s t i c  blocd systems red is t r ibu t ive  reactions.  Three hours 
after the beginning of treatment, neutrophilic leukocytosis developed with 
an increased number (191% baseline) of neutrophils with segmented nuclei. 
The number of eosinophils decreased and completely disappeared a f t e r  1 2  
hours. A "lymphoid peak" w a s  noted i n  bone m a r r o w  a f t e r  3 hours, with 
number of lymphoid cells reaching 233% of baseline, while lymphopenia 
developed i n  per ipheral  bkxxl. All these parameters returned to normal 
within a day after immobilization began. 
lev-enkephalin or dalagrin prevented development of  ea r ly  lymphopenia and 
decreased eosinophilia. 
Two hours 
A s ing le  administration of 
On day 6-8 of immobilization, cont ro l  animals developed marked 
hyperplasia of bone m a r r o w .  
maximum (140% of baseline) a t  7 days. The myelograms showed t h a t  
increased number of cells i n  m a r r o w  was due to s t imulat ion of erythro- and 
granultxytopoiesis to 245 and 140% of baseline, respectively. Peripheral  
blcxd was characterized by neutrophi l ic  leukocytosis, mtmocytosis, 
Total  number of myelookarytxytes reached a 
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ery  thr txytos  is, and ret icul txy tosis. In  experimental animals, lev- 
enkephalin decreased b<me m a r r o w  hyperplasia i n  immobilized animals while 
days 6-8. This suppressim of hemopoiesis altered the  dynamics of cell 
d i s t r ibu t ion  i n  peripheral  blcxd. Both drugs prevented development of 
neutrophi l ic  leukocytosis, morxxytosis and erythrocytosis,  and dalargin 
prevented an increase i n  reticulcxytes.  Immobilization stimulated m i  totic 
a c t i v i t y  of granulocyte cells, which increased to 133% basel ine on day 6-7. 
Lev-enkephalin decreased the  number of pro l i fe ra t ing  cells, while dalargin 
inhibi ted the  increase i n  m i t o t i c  a c t i v i t y  of hemopoietic elements. 
s ta tokine t ic  index i n  the group injected with dalargin did not d i f f e r  from 
preimmobilizatim value. Immobilized mice showed a pronounced increase i n  
concentration i n  plasma cor t icos te ro ids  hours a f t e r  treatment began, 
f o l l o w e d  by cyc l i c  fluctuations;  t h i s  parameter remained elevated u n t i l  day 
3 of the  experiment. Animals receiving dalargin showed rx> such increases; 
11-oCS levels were b e l o w  baseline. [Effects of lev-enkephalin are not 
described; possibly not tested.] The authors conclude t h a t  the  e f f e c t  of 
opioids (XI hemopoiesis i n  bone m a r r o w  under stress is mediated by t h e i r  
depression of  the  pituitary-adrenal system, which leads to a decrease i n  the  
p ro l i f e ra t ive  capacity of  bone m a r r o w  elements and alters the  hemqmietic 
component of the general  adaptation syndrome. 
Table: Concentrati(m of 11-oCS i n  plasma of outbred mice subjected to a 7- 
hour period of immobilization followed by adminis t ra t ion of isotonic  s a l i n e  
or dalargin 
I dalargin led to the  development of hypoplasia of bone m a r r o w  hemopoiesis on 
The 
Figure 1: Changes i n  the  total number of myelokarycxytes, erythroid cells, 
and immature neutrophilic granulocytes i n  bone m a r r o w  of outbred mice 
subjected to 6 hours of immobilization followed by in jec t ion  of isotonic  
sa l ine ,  lev-enkephalin, or dalargin 
Figure 2: Changes i n  m i t o t i c  a c t i v i t y  of cells of erythroid and 
granultxytary elements of  hemopoiesis i n  outbred m i c e  subjected to 6 hours 
of immobilization f o l l o w e d  by in jec t ion  of isotonic  sa l ine ,  lev-enkephalin, 
or dalargin 
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Perspektivy Razvitiya Kosmicheskoy Biomeditsiny v Svete Idey K.E. 
Tsiolkovskiogo [Prospects for the Development of Space Biamedicine in Light 
of the Ideas of K.E. Tsiolkovskiy] Proceedings of t he  XXth and XXIst Lecture 
Ser ies  dedicated to the s c i e n t i f i c  legacy and development of the ideas of 
K.E. Tsiolkovskiy., Kaluga 1985, 1988. Section on Problems of Space 
Medicine and B i o l o g y .  
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sirmlating space flight factars. 
Immunolqy, Immune Status 
Humans 
Heat, Hypokinesia With Head-D<m T i l t ,  Hermetically Sealed Living Quarters 
The problem of maintaining high work capacity and tolerance of adverse 
environmental factors i n  spacecraft  crews w a s  me of K.E. Tsiolkovskiy's 
enduring research in te res t s .  
s tage i n  the development of  cosmonautics is associated with the use of the  
r e s u l t s  of  ground-based biomedical experiments simulating space f l i g h t  
factors .  
The solut ion of  t h i s  problem a t  the cur ren t  
Discovery of  the  mechanisms underlying adaptive restructur ing i n  the  human 
body i n  response to space f l i g h t  fac tors  is not  possible without information 
concerning immune s ta tus .  
From the  point  of  view of general  biology, t he  function of na tura l  immunity 
involves the capacity to r e t a i n  useful information acquired through 
evolution and necessary f o r  v i t a l  processes i n  the face of changes i n  l i v ing  
conditions. Evaluation of t h i s  capacity by invest igat ing the  m o s t  labile 
parameters of  na tura l  immunity is an e s sen t i a l  a i d  i n  diagnosing and 
predict ing functional state and assessing the  physiological cost of 
maintaining homeostasis during space f l ight .  The current  experiments 
involved se lec t ing  the immum>logical parameters t h a t  provide the m o s t  
information f o r  diagnosing and predicting human functional s t a t u s  under 
e x p s u r e  to simulations of  space f l i g h t  fac tors  combined with thermal 
stress. Healthy male volunteers, aged 19-35, participated i n  three 
conditions. 
(e) = 50; (P=25%) up to the  maximum acceptable l eve l  of  hea t  stress. 
second condition, t he  volunteers spent 10 days i n  a hermetically sealed 
environment i n  a comfortable microclimate. Every day they spent 2 hours 
performing moderate physical  exercise, and the next day were subjected to 
heat (T=400; P= 30%). In the th i rd  condition, t he  subjects spent 7 days i n  
hypokinesia with head-down tilt (-89, simulating the acute perid of 
In  the  f i r s t  condition, the  volunteers were subjected to heat  
In the  
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adaptation to weightlessness. On days 3, 5, and 7, they were subjected to 
thermal stress (T=50<'; c p =  25%) u n t i l  rectal temperature increased by LO0. 
During the experiment, i n  addition to physiological parameters, the following 
immunological parameters w e r e  measured: phagocytic a c t i v i t y  of neutrophils; 
lysozyme titers i n  saliva; l eve l  of spontaneous agglomeration of leukocytes; 
a c t i v i t y  of beta-lysines; bacterial a c t i v i t y  of bled serum; class A, M ,  and 
S immunoglobulins; S-reactivity of proteins; quant i ty  of T- and B- 
lymphocytes; and also densi ty  of deep microflora of the  skin. 
parameters showing s t a t i s t i c a l l y  s ign i f icant  differences from baseline 
values (p< 0.05) were considered. 
Only 
Taxom,metric analysis  of the  e f f e c t s  of the f i r s t  condition (22 
observations) made it possible to separate the volunteers i n t o  two  groups on 
the  basis of  type of response to heat  stress: to le ran t  and less tolerant.  
The period of endurance of  thermal stress for  the t w o  groups was 181.1 2 19.1 and 
126.1 +8.7 minutes, respectively. 
immun&gical  parameters were s igni f icant ly  higher i n  the heat-tolerant 
group (phagocyte response to neutrophil  - 48.4 +1%; lysozyme titer i n  sa l iva  - 225.3 + ug/ml) c o m p a r e d  with those of the less to le ran t  group (41.4 1.5; 
198.9 + 3.7 ug/ml). Aside from t h e i r  prognostic value, these parameters 
are iniormative with regard to diagnosis of functional state a f t e r  thermal 
stress. Thus, i f  thermal stress increased phagocytosis and lysozyme output 
i n  both groups, only i n  the to le ran t  group were these parameters still 
elevated and microbial population of the  skin normal 20 hours a f t e r  heat  
stress. This suggests an adequate response to increased t i s sue  m e t a b o l i s m  
during and a f t e r  thermal stress. A t  the  same t i m e ,  decrease i n  phagocytic 
a c t i v i t y  of neutrophils and lysozyme titer i n  sa l iva  and high leve ls  of 
microbes on the  skin observed i n  the  less to le ran t  group, ind i rec t ly  
suggests poor endurance of heat  stress. 
by the  neutrophilia (6.8 - +2.3 thousand/uk) and eosinopenia (0.8 - +LO%) 
observed i n  t h i s  group. 
The baseline values of a number of 
The la t ter  hypothesis is confirmed 
Sh i f t s  i n  immunological parameters i n  6 subjects  spending t i m e  i n  a 
hermetically sealed environment and exposed to thermal stress (condition 2) , 
cxxurred a f t e r  6-10 days: both c e l l u l a r  (phagocytic a c t i v i t y  of neutrophils 
- decreased from 48.5 +2.2 to 29.5 + 1.8%0) and humoral (lysozyme titer of 
sa l iva  decreased from z1.6 +33.8 to >48.5+30.5 ug/ml) rx,nspecific immunity 
were depressed and stress incireased i n  the-leukocyte system ( level  of 
spontaneous agglomeration 
0.3%), and skin microflora increased from 24.0+9.5 to 114.5 +y colonies @r 
10 Cm2. These changes occurred against  a background of neutrophilia and 
eosinopenia, supporting a hypothesis of ac t iva t ion  of the hypothalamus- 
pituitary-corticoid system i n  response tu the  stress factor.  This would 
lead to the  observed decrease i n  nonspecific tolerance and the  r i s k  of 
autoimmune disorders. 
of leukocytes increased f o r m  1.6 + 0.3 to 4.0 + 
The combination of hypokinesia with head-down tilt and heat  stress 
(condition 3, 36 subjects) a f t e r  3-7 days of exposure depressed nonspecific 
immunity. The longer the  exposure tr) hypkinesia ,  the  greater  were the 
decreases i n  phagocytic a c t i v i t y  of neutrophils (from 42.8 + 1.0% to 21.5 
- +2.5%), lysozyme titers i n  s a l i v a  (from 225.0 - + 11.2 to 151r2 - + 14.7 uk/ml) 
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and t h e  i n c r e a s e  i n  s k i n  m i c r o f l o r a  (from 26.9 + 5.7 to 70.9 + 22.1). By day  
5-7, the  disturbance of  the ant imicrobial  componezt was accompanied by 
destruct ion of  the autoimmune component, an increase i n  the  a c t i v i t y  of  
Beta-lysines (from 19.3 + 3.8 to 34 + 1.1%) and l eve l  of spontaneous 
agglomeration of leuktxytes (from 2% + 0.5 to 7.3 + 0.4%). The sever i ty  of 
the state of the  organism was confirmed-by disrupt& of the  T-system of 
immunity. 
17.4 + 3.3%. 
Thus, the  quant i ty  of T-lymphocytes decreased from 61.4 - + 2.0 to 
- 
The research performed demonstrated t h a t  the immune system is a 
sens i t ive  indicator  of adaptive restructur ing txcurr ing i n  the  body i n  
response to simulated space f l i g h t  factors. 
informative immune parameters f o r  assessing and predict ing functional state 
of the human organism must take account of the sever i ty  and duration of 
exposure to the  extreme factor. 
Select ion of the m o s t  
Therefore, to diagnose and predic t  endurance of thermal stress per se and 
combined with short-term confinement i n  a hermetically sealed environment 
(no longer than 10 days) or exposure to hypokinesia ( for  rn longer than 2-3 
days), the  following immune parameters are recommended: phagocytic 
a c t i v i t y  of neutrophils, lysozyme titers i n  sa l iva ,  l eve l  of spcontanetxls 
agglomeration of leukocytes,  and deep s k i n  microf lora .  
When grea te r  stress is applied, t he  above list of parameters should be 
supplemented by study of  the T-system of immunity and autoimmunity. 
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Imunology, Nonspecific Resistance; Endocrinolcgy , Stero ids  
Humans, Males, Athletes 
Exercise 
Abstract: 
strenuous exercise  session on c e l l u l a r  and humoral nonspecific res i s tance  
and also to inves t iga te  the  possible par t ic ipa t ion  of  steroid hormones i n  
regulation of nonspecific res i s tance  factors.  
(rowers), aged 17 to 23, par t ic ipa ted  i n  the study. 
running on a t readmi l l  u n t i l  exhaustion (mean duration 17 minutes). 
Nonspecific res is tance parameters and concentration of s te ro id  hormones were 
measured before and immediately a f t e r  exercising. In  half  of  the subjects,  
parameters were also measured during the  ninth minute of exercise  and 0.5, 
1, and 2 hours afterward. 
the  basis of the  mean cytochemical coef f ic ien t  re f lec t ing  concentration of  
lysozomal ca t ion  proteins  i n  these cells. Concentration of lysozyme was 
determined using a modified turbidimetr ic  method. Complement titers were 
estimated from 50% hemolysis of sheep erythrocytes. 
leukocytes i n  blood and of various types of white bl<x>d cells were also 
determined. 
determined by radioimmune assay. 
The goals of t h i s  study were to determine the e f f e c t s  of a s ing le  
A total  of 72 male a th l e t e s  
The exercise  used w a s  
Functional s t a t u s  of neutrophils w a s  evaluated on 
Concentratim of 
Serum testosterone, estradiol, and hydrocortisone were 
The exercise  treatment led tr> a two-phase change i n  the  l eve l  of 
leukocytes i n  peripheral  blood i n  a l l  subjects. 
exercise, the  absolute l eve l  increased by a mean of 66%, with neutrophils 
increasing by 46%, lymphocytes by 113%, and monocytes by 85% of baseline 
values. 
values. 
this t i m e  attributable only to a 68% rise i n  neutrophils (lymphocytes 
decreased by 43% and monocytes were unchanged). A f t e r  2 hours of rest there 
w a s  a fur ther  increase (77%) i n  leukocytes, again due only to neutrophils. 
A t  t h i s  t i m e ,  there  was also a fourfold increase i n  immature neutrophils, 
while lymphocytes continued to be b e l o w  baseline. 
displayed a decrease i n  the  mean cytochemical coe f f i c i en t  of neutrophils 
after exercise,  indicat ing a decrease i n  lysozomal ca t ion  proteins. A t  the  
same t i m e ,  concentrat im of lysozyme (one of  t he  lysosomal cat ion proteins) 
increased i n  serum, evidently due to secret ion by the  cells. 
system responded rapidly to exercise; 
treatment, there  was a 19% increase i n  complement titer. 
a f t e r  treatment, t he  mean cytochemical coef f ic ien t  of neutrophils and the  
a c t i v i t y  of lysozyme and complement i n  serum had completely or p a r t i a l l y  
recovered i n  mst subjects.  
Immediately a f t e r  
A f t e r  30 minutes a l l  these parameters had returned to t h e i r  i n i t i a l  
One hour a f t e r  exercise  there  was a second increase i n  leukocytes, 
The g rea t  majority of subjects 
The complement 
By the  second hour 
as ea r ly  as the  9th minute of 
Immediately a f t e r  exercise,  concentration of estradiol increased by 20%; 
a f t e r  30 minutes it returned to baseline,  and again increased by 30% 
a f t e r  2 hours. Testosterone increased during exercise,  and a t  its 
39 
P913 
termination was 28% above baseline. During the next 2 hours tes tosterone 
rapidly normalized. Hydrocortisone behaved d i f f e ren t ly  i n  d i f f e ren t  
subjects. I n  me group, which had l o w  baseline l eve l s  of the hormone, it 
increased rapidly i n  serum during exercise. Maximum concentration, 77% 
above baseline,  was reached a f t e r  30 minutes, a f t e r  which the leve l  returned 
to normal. In  the  second group, w i t h  high i n i t i a l  hydrocortisone levels ,  
there was a tendency f o r  the hormone to decrease during exercise, increase 
a f t e r  30 minutes of rest, and then undergo a more extreme decrease (by 51% 
compared to baseline) a t  the  end of the observation period. 
The authors conclude t h a t  nonspecific res is tance factors ,  par t icu lar ly  
neutrophils, respcond ac t ive ly  to physical exercise. One of the  symptoms of 
t h i s  response is the increased secretim of enzymatic and rxonenzymatic 
lysosomal proteins,  which may participate i n  the regulation of s t ruc tu ra l  
homeostasis and c o n t r i b u b  to temporary adaptation to exercise. This 
response of t he  nonspecific res is tance system is universal  and serves, 
possibly, to repair various types of damage, par t icu lar ly  e l iminat ion of  the 
damaged structures.  A t  the  same t i m e ,  the  sex s t e ro ids  are recrui ted i n  the  
regulation of  t he  functional a c t i v i t y  of nonspecific res is tance factors. 
Figure 1: Changes i n  bloxd concentrations c o f  lymphocytes (I), neutrophils 
w i t h  segmented nuclei  (2) ,  bas i l l a ry  neutrophils ( 3 ) ,  and monocytes (4) 
Figure 2: Changes i n  mean cytochemical coef f ic ien t  of neutrophils, and 
lysozymes and complement i n  blood serum 
Figure 3: Changes i n  concentration of testosterone, es t rad io l ,  and 
hydrocortisone i n  b k x d  serum 
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Metcdologicheskiy 
KEY WORDS: Immunology, Neurophysiology, En&xxinology, Aging, Immune 
Surveillance, Genetics 
Annotation: This  co l lec t ion  is devoted to analysis  of mdern trends i n  
i m m u r x o l q y .  
between the neural, endocrine, and immune systems are discussed from a 
theore t ica l  standpoint. 
including monitoring of cell d i f fe ren t ia t ion ,  is considered. 
the  immune system and the  general  pr inciples  of its organization are also 
aovered. This btxok w i l l  he of i n t e r e s t  tro immunologists, biologis ts ,  and 
oncologists. 
Problems of immunity and aging and the in te r re la t ionship  
The concept of immunolcgical surveil lance,  
The or ig in  of 
V.P. uozoovoy. 
(principles for stu3ying the immune function in the norm and 
Pathology) (3 )  
Hethohlogical aspects of modern clinical immunology  
This paper presents an analysis  of the state of the art i n  c l i n i c a l  
immunology. The author formulates the  basic methodological pr inciples  for  
evaluating new s c i e n t i f i c  f a c t s  and drawing conclusions from them i n  order 
to fur ther  understand the  role of immune process i n  pathology. These 
pr inciples  involve a systems approach and use of systems analysis  methcds. 
These pr inc ip les  must account fo r  the following phenomena: the cyc l ic  nature 
of immune functions and t h e i r  divis ion i n t o  d i sc re t e  phases; the  age-linked 
cha rac t e r i s t i c s  of immune system physiology and patholcgy; the  adequacy 
of an i m m u n e  s y s t e m  response to the bcdy's " d e m a n d s ; "  the  obligatory 
participaticn of the  immune system i n  standard patholcgical processes; and 
the  existence of individual differences i n  the  way the  immune system is 
structured. The author cites examples to support h i s  alnclusions and 
discusses the  significance of these meth<%kol<gical pr inciples  fo r  the  
development of c l i n i c a l  immunology. 
O.K. Baranov. Molecular genetic system of imnumloqical recugnitim. (14) 
This article considers the  three most important genet ic  systems (multigene 
famil ies)  of immumkgical receptors: the  major t i s sue  compatibi l i ty  
complex, immunoglobulins, and T-cell receptors. 
features  of the  s t ruc ture  and functions of various immunological receptors 
are described, as are the  organization and restructur ing of genes i n  the  
appropriate multigene families. The author touches upon the  problem of the  
marked var ie ty  of immunological receptors, the  significance of t h i s  
phencmnon f o r  selection, and the evolutionary and genetic mechanisms t h a t  
underlie it. 
immunological receptors and t h e i r  genes. 
The unique and common 
H e  discusses the  homology and common phylogenetic o r ig in  of 
The three molecular-genetic 
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systems considered are the  pr inc ipa l  m e m b e r s  of a s ingle  supergene family of 
immuncglobulin-like glycoprotein molecules, which i n  a unique manner 
provide genetic information to support the  fundamental immunological 
prwesses of spec i f i c  recognition and binding of a large number of 
antibodies. [l table, 6 f igures ,  28 references] 
G.M. Butenko, G.M. Kharazi. Methodological approaches to the study of the 
irmune system with aging. [35] 
The authors analyze problems of changes i n  the  functions of the  immune 
system with age. They emphasize t h a t  these functions change i n  d i f f e r e n t  
d i rec t ions  i n  d i f f e r e n t  s t r a i n s  of inbred mice. 
explain t h i s  difference i n  direct ion,  postulating the  existence of t w o  basic 
types of change i n  the  immune system with aging: autoimmune and immune- 
suppressor. They propose the  use of t h i s  taxonomy f o r  development of 
pr inc ip les  f o r  correcting immune disorders  associated with aging. [ 29 
references] 
They advance a hypothesis to 
I.M. Dizmorov, VA. Kuznetsov. The role of cel lular ratios  i n  supporting 
physiological homeostasis. (43) 
The authors present various approaches to study of the role of cells 
The mathematical simulation of 
t h a t  regula te  t he  e f f ec to r  s tage  of the c e l l u l a r  immunity response and 
participate i n  immunological surveillance. 
the  processes o f  k ine t i c  ana lys i s  and ana lys i s  of the  l i m i t i n g  d i lu t ion  type 
leads the  authors to the  conclusion t h a t  the d i s t r ibu t ions  of  i n t e rac t ing  
cells of  the  immune system determine not only the  magnitude, but also the  
d i rec t ion  of t he  e f f e c t  prcduced. 
known paradoxical phenomenon of anti-tumor immunity -- t he  phenomena of 
st imulation and slipping??. [9 f igures ,  45 references]. 
These pr inc ip les  can be seen i n  the  w e l l -  
V.A. Kozlov. 
system." (66) 
The evolutionary basis of the functions of the "immune 
The author attempts to assess the signif icance of the  immune system 
i n  the  organism from the  point of view of i ts  polyfunctionality, i n  which the  
s t ruggle  to maintain "antigenic" pur i ty  i n  a macrtxxganism is m l y  one of 
severa l  functions of t he  given homeostatic system. 73) achieve t h i s  goal he 
uses an evolutionary apprtwch which is based (XI t he  m o s t  p r imi t ive  function 
of any cell - t he  capacity fo r  phagocytosis of  ac t ive  substances needed 
fo r  t he  optimal functioning of homostasis.  [ 11 reference] 
V.I. Konenkov, M.I. Musatov. The mobility of human membrane 
proteins as a factor in activity of cells of the inmume system. (74) 
Data (XI t he  v a r i a b i l i t y  of expression of membrane proteins of 
lymphocytes, t h e i r  production i n  an ex t r ace l lu l a r  m e d i u m  and t h e i r  
reabsorption are amsidered from the  point of  view of general 
cytophysiological and chronobiological principles. 
t he  va r i e ty  of surface s t ruc tu re  is associated with the  f l u i d i t y  of the  
b i l i p i d  layer  or the  state of the  con t r ac t i l e  apparatus of the  cell, and has 
an important influence on such c ruc ia l  i m m u n e  cell functions as the  capacity 
to i n t e r a c t  with each other ,  recognize a l i e n  cells and antigens, e f f e c t  
I t  is demonstrated t h a t  
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l y s i s  on t a rge t  tumor cells, etc. 
determinants follow ordered high frequency (bio) rhythms and combine i n t o  
c o m p a c t  agglomerates <m lymphocyte mewmbranes. 
processes of the  surface molecules and the degree of t h e i r  expressim <XI 
lymphocyte membranes also are subject  tr> biorhythms. Changes i n  membrane 
topgraphy of surface glycoproteins are closely linked w i t h  changes i n  the 
leve l  of t h e i r  expression, which are ref lected i n  the  functional a c t i v i t y  of 
the cells. 
concept of membrane circulation. [ 3 figures,  33 references] 
The sequential  changes i n  surface 
Prtductioon-reabsorption 
The immunological phenomena discussed accord w e l l  with the  
Ye&. Korneva, M.P. Lesnikova, Ye. E. Yakovleva. Molecular biological 
aspects of the study of the interactians of the neural, endocrine, and 
irmUne systems. (87) 
This article considers the  poten t ia l  f o r  research (XI the  interact ion of 
neural  endocrine a d  antigen fac tors  a t  the leve l  of the  receptor apparatus 
of the lymphoid cells. 
of the  l eve l  of cyc l i c  nucleotides i n  lymphocytes of the  spleen under 
mndi  t ions  of exposure to antigens, hormones, neuromediators, and preparations 
blocking or stimulating t h e i r  e f fec ts ,  and also the  study of spec i f ic  
functions of lymphoid cells i n  animals immunized i n  v ive  under a var ie ty  of 
endocrine s t a t u s  conditions and i n  i n  v i t r o  experiments i n  which cholinergic 
substances are added t c o  the  culture-during the period of ac t ive  immune 
response. A corre la t ion  was found between the l eve l  of cyclase systems of 
lymphoid cells and the  functional a c t i v i t y  of these cells. Corrective 
neural  and endocrine e f f e c t s  were demonstrated under i n  vivo and i n  v i t r o  
amditioons, demonstrating the  significance of endocrine and neuromediatoor 
mechanisms i n  the  modulation of functions of lymphoid cells. 
The primary methtdological s t ra tegy  is determination 
-
-- 
This work presents me of the  new important methodological approaches to the  
study of problems of neurohumoral r egu la t im  of the  functions of the  immune 
system, which has made it possible to begin to invest igate  the  rea l iza t ion  
of neural  and endocrine correct ion and ident i fy  the  mechanisms responsible 
fo r  maintaining the  linkages between the  balance of mediators, 
gluctmorticoid hormones, metabolic s h i f t s  i n  lymphoid cells, and t h e i r  
functional ac t iv i ty .  [ 2  tables, 6 figures, 28 references].  
G.I. Marchuk, RV. Petrov. V i r a l  infection of an organ and the 
immumphysiological protech 'an response (a mathematical model). (100) 
This paper presents a mathematical m o d e l  of a n t i v i r a l  react ions of the  
immune system i n  an organ infected w i t h  a virus. The m c d e l  includes a 
number of physiological parameters: the  functions of  k i l l e r  cells, 
antibodies, and the  degree of edema i n  the  affected organ. In  the  
mathematical analysis  performed spec i f ic  problems were formulated fo r  
experimental research to confirm the  r e l i a b i l i t y  of the  r e s u l t s  obtained 
through modeling. (1 figure) 
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N.V. Medunytsin, 0.R Kryloov, N.A. Alpatova, Zh.1. Avdeyeva. Modeling 
reactions of delayed type hypersensitivity vi=. (108) 
Data are presented m the  mdel ing  of the  immune response i n  vi t ro .  
The cha rac t e r i s t i c s  of the  various subpopulations of immune competent 
cells forming 9 v i t r o  and i n  vivo are compared. The capaci t ies  and 
l imi ta t ions  of modeling immunolcgical reactions i n  a test tube are 
described. 
A model of the  ..-- i n  v i t r o  y ie ld  of e f fec tor  cells with delayed type 
hypersensi t ivi ty  (DTH) is described. 
normal splentxytes of mice (XI a multi layer of adhering syngeneic cells, 
f i r s t  processed with antigen. 
the  s tage of reprocessing the antigen by auxi l iary cells from tha t  
of representing the antigen w i t h  T-cells and the  formation of DTH effectors.  
I t  is demonstrated tha t ,  given optimal doses of antigen i n  processing the  
auxi l ia ry  cells, DTH ef fec tor  cells appear m the  second day of cu l t iva t ion  
and survive for 6 days. 
e f fec tor  cells is suppressed. L-fucose present i n  the  medium with the  
antigen, prevents the  e f f e c t s  of the  migration-inhibiting fac tor  of 
macrophages on the  migrating cells. 
1-A and 1-E genes suppress the formation and functioning of DTH ef fec tor  
cells. 
reactions i,n v i e o .  (2 tables ,  4 figures,  35 references.) 
G.I. Rdoprigora GI. Methxblogical aspects of gnotobiology in b i d - 1  
research, (123) 
This paper discuss  the  problem of obtaining microbe-free animals, and 
the  theoretical aspects of various approaches to its solution. The author 
proposes a taxonomy of gno tob io lq i ca l  animals based (n the  ways they were 
obtained, maintained, and monitored. The use of t h i s  taxonomy makes it 
possible to select the  appropriate category of microbe-free animals fo r  
experiments. (1 figure;  10 references) 
The methcd involves cu l t iva t ion  of 
The methcd makes it possible to dis t inguish 
With la rger  doses of antigens, formation of 
Mooncxlonal an t ib td ies  to products of 
These data attest to the  poss ib i l i t y  of modeling and regulating DTH 
I.G. Sidorovich, V. I. Novikov. Tissue and functional heterogeneity of 
cells of monxluclear phasocytic systars. (13) 
The authors analyze data i n  the  l i t e r a t u r e  relevant to heterogeneity, 
regulatory and ef fec tor  functions of macrophages and the  or ig ins  of t h e i r  
subpopulations. 
phagocytic systems, t h e i r  d i f fe ren t ia t ion ,  d i s t r ibu t ion  among the  organs and 
t issues ,  and the  l ink between functions and s tage  of maturation of the 
cells. They organize the  numerous f a c t s  concerning the  propert ies  of 
macrophages with suppressor and helper functions and the regulatory 
reactions of c e l l u l a r  and humoral immunity, and cytotoxic mechanisms of 
immunological react ivi ty .  Data are presented (XI the  cytotoxic function of 
the macrophages, which enable make e f fec tor  react ions of the  immune system 
possible. (2  Figures, 78 references). 
They discuss  the  problem of the  development of mononuclear 
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V.Ya. Fel A. M. Malygin. Natural ki ers and the proLem of immune 
surveillamx of cyI%&ifferentiatim. (154). 
An important role i n  supporting genet ical ly  determined constancy of c e l l u l a r  
c o m p c o s i  t i t m  is played by the  poopula t ion  of autoaggressive or autoreactive 
lymphocytes that can recognize antigens of " their  own" organism and e f f e c t  
k i l l e r  react ions with respect to normal mature and embryonic cells t h a t  
synthesize these antigens. 
t h a t  i n  mice a one-time peritoneal immunization with hoomqenate of normal 
l i v e r  or regenerated l i v e r  a f t e r  a p a r t i a l  hepatectomy, p a r t i a l l y  simulating 
d i s r u p t i m  of cy t td i f fe ren t ia t ion ,  leads to a marked increase i n  the  NK- 
a c t i v i t y  of splentxytes and, a t  the same t i m e ,  to increased l eve l  of t h e i r  
s e n s i t i z a t i m  to normal hepat ic  antigens. Judging by the  differences i n  the  
dynamics natural k i l l e r  a c t i v i t y  and autosensi t izat ion it may be 
hypothesized t h a t  these processes, although causal ly  related, are associated 
with d i f f e ren t  subpopulations of splenocytes. (1 Figure, 36 references). 
The authors' experimental data showed 
R.M. Khaytov, B.V. Pinegin. B-suppressors: Their proper ties and functions. 
(165) . 
The authors analyze t h e i r  own and others '  da ta  on the  propert ies  and 
functions of B-suppressors. 
i n  bone m a r r o w  and peripheral  lymphoid organs, the  spleen, and lymph nodes. 
After immunization with l o w  doses of antigens, suppressor functions of B- 
cells of peripheral  lymphoid organs increase sharply and this capacity is 
not associated with the  mechanism of suppressor a c t i v i t y  of spec i f ic  
antibodies. The authors demonstrate the dual mechanism of suppressor 
a c t i v i t y  of immune B-cells. 
mechanism of B - c e l l  suppression, which monitors and controls  the 
p ro l i f e ra  t im of immune competent cells, constantly occurring i n  normal 
organisms, and also i n  immunization with l o w  doses of antigen. 
conclude t h a t  the  main role of bone m a r r o w  B-suppressors probably involves 
monitoring and control  of colony-forming stem cell pro l i fe ra t ion ,  and also 
l imi t a t ion  of the  pro l i fe ra t ion  of precursors of antibtdy prcducers i n  the 
bone marrow. They propose tha t  the T-cell  mechanism of suppression is a 
secondary response triggered i n  long-term immunizatim or immunizaticm with 
supraoptimal doses of antigen. (5 tables, 11 figures,  66 references). 
They demonstrate t he  existence of B-suppressors 
They propose the existence of a s ingle  
They 
A.N. Cheredeyev, L.V. Koval'chuk, N.K. Gor l ina ,  I.Ya. Stonans I Y a .  
participatim of the immune s y s t e m  in the processes of differentiation of 
nadympbid tissues: The capacity of lymphocytes to intensie 
differentiation of transformed fibroblasts in vitro. 
The authors investigated the  poss ib i l i t y  of the  influence of immunocompetent 
cells <XI prccesses of d i f f e ren t i a t ion  of rwonlymphoid t issues.  
transformed f ibroblas t s  of mice of the transplanted l i n e  L (clone 929) as 
subjects. They evaluated parameters of d i f f e ren t i a t ion  of L-cells during 
j o i n t  cu l t iva t ion  with syngeneic cells from the  spleens of SZN mice and 
mononuclear cells of peripheral  human blcxd. The influence of syngeneic and 
xencqeneic lymphccytes (XI growth charac te r i s t ics ,  morphological and 
biological criteria was established. Results revealed increased L-ce l l  
d i f ferent ia t ion.  These s h i f t s  i n  the cha rac t e r i s t i c s  of L-ce l l s  were s tab le  
The 
(197) -- 
They used 
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and continued fo r  s o m e  t i m e  during cu l t iva t ion  i n  the absence of 
lymphccytes. Lymphocyte supernatants and attached cells had no e f f e c t  on 
the d i f f e ren t i a t ion  of L-cel ls .  I t  is proposed that lymphocytes have a 
d i f f e ren t i a t ing  e f f e c t  on transformed f ibroblas t s  i n  contact interaction. (4 
figures, 39 references) 
AS. Shevelov Unresolved pmblems w i t h  the hypothesis of immune 
surveillance. (210) 
The author discusses ce r t a in  unresolved aspects of the  hypothesis of immune 
surveillance. H e  supports t he  idea t h a t  immunological surveil lance of 
tumor growth is a spec i f i c  case of t h e  survei l lance of the  immune system of 
the  pr txesses  of  pro l i fe ra t ion  and d i f  ferentiatiom of  cells. 
basis of immunological survei l lance and the cha rac t e r i s t i c s  of  this 
survei l lance w i t h  respect to tumors induced by retroviruses  are considered. 
( 2 7 references) 
The c e l l u l a r  
G.Z. Shubinskiy. 
in-ity of the organism. (221) 
The network theory of immunity and the problem of the 
The author discusses the signif icance of N. Jerne's  network theory of 
immunity and the  experimental prox,f for the  exis tence of an i m m u n e  network 
f r o m  the standpoint of M. Burnett's ideas that immunity is a mechanism f o r  
maintaining t h e  in t eg r i ty  of the  organism. Based cm analys is  of data i n  the 
l i t e r a tu re ,  the author argues t h a t  an immune system organized as a network 
would have the  capacity to regulate  morphogenetic processes i n  the  organism, 
support antigen-structural  homeostasis, and fos t e r  tmly coadaptive changes 
i n  the  quant i ty  of antigen s t ruc tu res  of the organism. 
mechanisms of the  organization of an integrated immune system, and also the 
mechanisms through which it would functicn to support t he  s t ruc tu ra l  
i n t eg r i ty  of  the organism as a whole. 
H e  discusses the  
Yari l in  w. 
of T-lynphocyte heterogeneity. (234) 
The role of differentiation and modification in the formatim 
Heterogeneity of T-lymphocyte phenotype and function occurs (m t w o  levels:  
as a r e s u l t  of  t he  pr tcess  of d i f fe ren t ia t ion ,  stable populations of T-cells 
form, within which, due to c e l l u l a r  environmental factors ,  v a r i a b i l i t y  of 
t r a i t s  occurs, which i n  turn depends on the modifying e f f e c t s  of  secondary 
messengers. 
cells is real ized through changes i n  t h e i r  "receptor f ie ld"  and expression of 
molecules par t ic ipa t ing  i n  the ef fec tor  functions of T-cells. (70 
references) . 
The in te rac t ion  of  phenotype and functional var ia t ions  of T- 
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complete regeneration of the atmosphere, water, and vegetable nu t r i en t s  in a 
In: Malinin VB, Kosmolinskiy FP, Kuznets Y e 1  (ed i tors )  . 
Perspektivy Razvitiya Kosmicheskoy Bioomeditsiny v Svete Idey K.E. 
Tsiolkoovskiogo [prospeCts for the Development of Space Biomedicine in Light 
of the Ideas of K.E. Tsio lkovskiy]  Proceedings of the  XXth and XXIst Lecture 
Series dedicated to the s c i e n t i f i c  legacy and development of the  ideas of 
K.E. Tsiolkoovskiy., Kaluga 1985, 1988. Section on Problems of Space 
Medicine and Biology. 
Mosc(rw: USSR Academy of Sciences: 1987. 
Pages 63-67. 
[5 references; n m e  i n  English] 
Authors' Aff i l ia t ion:  I n s t i t u t e  of Biophysics, Siber ian Division, USSR 
"man - higher plant" system. 
Academy of Sciences 
Life  Support Systems, Nutr i t ion 
Humans, Man -- Higher P lan t  System, Botany 
C l o s u r e ,  Regeneration I 
In  the I n s t i t u t e  of Biophysics of the  Siberian Division of the  USSR Academy 
of Sciences, a multiyear project w a s  undertaken involving the  creati tm of 
a closed ecological system f o r  human l i f e  support t h a t  would p e r m i t  
b ioregenerat im of atmosphere and water a d  recovery of vegetable 
nutr ients .  
This paper deals with the latest 5-month experiment with the Bios-3 l i f e  
support system (LSS) conducted i n  1983-1984. As w a s  the  case i n  a previous 
experiment conducted i n  1977, the  U S  contained t w o  components: humans and 
higher plants. The subject  "crew" ctmsisted of t w o  individuals. 
The experiment's goal was to increase the  closure of the  US: 
1) W i t h  respect to f < x d  -- to completely s a t i s f y  the  c r e w ' s  requirements 
for vegetable nutrients.  
2) With respect to water -- to completely meet a l l  the crew's needs, 
by having the  higher p l an t s  u t i l i z e  the  crew's l iqu id  wastes. 
The s t ruc ture  of  the "higher plants'' component and the  conditions under which 
it functioned were a l te red  to increase the  quant i ty  of the  major vegetable 
nut r ien t  -- gra in  and, thus, bread, and to make the  d i e t  m o r e  varied and 
nu t r i t i ona l ly  complete. In  a d d i t i m  to the  cu l tures  used earlier (wheat, 
chufa /earth almond/, peas, carrots, radish, beets, onion, d i l l ,  cucumber, 
and potatoes), w e  added cul tures  of peas [sic.], tomatoes, and kohlrabi. The 
higher p lan t  components had to provide the t w o  subjects  with v i r t u a l l y  a l l  
t h e i r  e s sen t i a l  carbohydrates, vegetable protein,  f a t ,  and vitamins, i n  
addition to recycling the atmosphere and water. 
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The total  area occupied by the cu l tures  was 6 3  m2, of which 40 m2 was 
devoted to wheat, 9 m2 to chufa, and the remainder to the  vegetables. 
Wheat was grown i n  an a i r  subirr igat ional  cu l tu re ,  while chufa and a l l  the  
vegetable cu l tures  grew hydrophonically on "caramsite". 
The improved closure of the  water recycling system, compared to t h a t  of the  
previous experiments, w a s  achieved by having human l iquid wastes 
used d i r e c t l y  by the  wheat culture. 
over other cu l tures  lies i n  the  f a c t  tha t ,  f i r s t ,  the  edible  portion 
of t h i s  cu l ture  (grain) is not i n  contact with the nu t r i t i ve  solution and 
the l iquid wastes added to it. Second, the ed ib le  biomass of wheat (up to 
60% of the  total biomass) acts as a sort of absorber of sodium chlor ide from 
the nut r ien t  medium, thus preventing the build-up of sodium and chlorine 
ions, which are regularly excreted i n  human urine. The wheat plants  
received the  following percentages ( w i t h  respect to total  intake) of 
biogenic nut r ien ts  from human l iquid wastes: nitrogen -- 59%, su l fu r  -- 28%, 
potassium -- 19%, phosphorus -- 17%, magnesium -- 13%. The concentration of 
NaCl i n  the  nut r ien t  solut ion during the last  45 days remained within the  
l i m i t s  of 1-2 g/1. 
i n t e r f e re  w i t h  n o r m a l  growth. 
The advantage of wheat i n  t h i s  role 
These concentrations are not  toxic  for wheat and do not 
The physical/chemical un i t  of the BIOS-3 complex included a drying 
cabinet fo r  plant  and ftxd wastes, an apparatus for  drying human so l id  
wastes, and a c a t a l y t i c  oven f o r  removing toxic  contaminants from the  
atmosphere. lb increase the closure of the  LSS with respect to carhm, 
oxygen, and hydrogen, the  un i t  contained a device fo r  combustion of the  
nonnutrient biomass of the  plants. This device had been a l t e r ed  s ince the  
1977 experiment and produced less nitrcgen oxides, which are toxic  to 
plants. 
with products of incomplete combustion of the biomass t<x>k place i n  the  
f i r s t  of the  tw catalyzers  of the  t h e m x a t a l y t i c  oven. 
Reductim of the  nitrogen oxides forming i n  the  cornbustion chamber 
During the  experiment it was established tha t ,  due to the  shortness of the  
second catalyzer  the contact between the  gases and catalyzer  w a s  not 
su f f i c i en t  fo r  combustion of CO i n t o  C02. 
was doubled, the atmosphere of the  system contained e i the r  no CO or 
quant i t ies  r x k  harmful to the  c r e w  or plan ts  a f t e r  combustion of the  
nonnutrient biomass of the  plants. 
When the volume of the  catalyzer  
The presence of CO i n  the  atmosphere during the  f i r s t  period of the 
experiment decreased the  productivity of the  plants,  but t h i s  was corrected 
by the end of the  experiment. There were no e f f e c t s  cn the  "crew's'' heal th  
a t t r i bu tab le  to the  br ie f  periods of increased CO i n  the  atmosphere due to 
thermal reduction of the  biomass, s ince the  maximum acceptable concentration 
was not exceeded. 
dynamic balance was established between the  input and el iminat ion of 
gaseous tox ic  contaminants i n  the  system's atnosphere. 
Overall, i n  t h i s  experiment as i n  the  previous ones, a 
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A t  n<) t i m e  during the experiment: was there  any s ign of i l l n e s s  i n  
the  subjects,  or even of subject ive fee l ings  of diminished w e l l - b e i n g .  
values of a l l  t he  measured parameters act ing as indica tors  of the  m o s t  
important physiological functions were ra ther  stable.  
The subjects '  d i e t  consisted both of products synthesized i n  the  system, and 
the stores they brought with them. The d i e t  was planned i n  accordance with 
the requirements of balanced nu t r i t i on  and t<x)k account of individual 
tastes. 
The 
Plant  biomass synthesized i n  the  system m e t  the  crew's need f o r  vegetable 
proteins ,  l i p ids ,  and 95.4% of the carbohydrates. The c losure achieved by the  
system was 70% with respect to d ie t a ry  calories, 65% with respect to protein,  
and 35% with respect to l ip ids .  
Consumption of oxygen and e l i m h a t i o n  of carbon dioxide by the  subjects  
during the  experiment was compu.ted as a proportim of the  quant i ty  of 
assimilated (and oxidized) bask nutr ients :  proteins,  f a t s ,  and 
carbohydrates; and the value of the  resp i ra tory  coef f ic ien t  w a s  determined 
to e q u a l  0.867. 
C l o s u r e  of the  system with respect to water was 92.1% for this experiment. 
If t h e  water and nut r ien t  medial of t he  p lan ts  had not undergone external  
analyses, t h i s  value, l i k e  tha t  of the  atmosphere, could have reached the 
l i m i t  of  100%. 
The ove ra l l  evaluation of the system closure was computed using the 
formula R = (I - m?M)*100%, where M is the d a i l y  requirements of the crew 
for substances, and m is the da i ly  requirements of the  system. The closure 
coe f f i c i en t  of the  cycling of substances i n  the  LSS was computed to equal 
91%. 
animal products, chemical elements, etc, a d  removal of l iqu ids  fo r  
analysis.  
The incompleteness of closure is a t t r ibu ted  to the introduction of 
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M e t a l m l i s m ,  V o l a t i l e  Metabolites, Expired A i r  
Humans, Cosmonauts 
Space Fl ights  
Abstract: This work presents the  results of determination of the  chemical 
composition of v o l a t i l e  metabolites i n  expired gas of cosmonauts before and 
a f t e r  space f l i g h t s  varying i n  duration. 
8 completing long-term f l i g h t s  3-8 months i n  duration and 1 2  completing 
short-term 7-day fl ights.  
f luoroplast ic  containers 2-4 weeks before space f l i g h t  and during the  f i r s t  
hour postf l ight .  
ionized detector and a column f i l l e d  with "porapak Q". For purposes of 
comparison, expired air  was analyzed i n  other  subjects  a f t e r  a 120-day 
period of hypokinesia with head-down tilt followed by 8 minutes of e x p s u r e  
to acceleration to simulate reentry conditions. Expired gas of cosmonauts 
was found to contain methane, ethane, ethylene, propane, propylene, normal 
butane, methanol, ethanol, acetone, acetaldehyde, and isopropanol with 
normal pentane. The majority of these components were elevated a f t e r  long 
f l i gh t s ,  with grea tes t  increase i n  aliphatic carbohydrates. Ethane and 
ethylene, sens i t ive  indicators  of l i p i d  peroxidation, increased by a factor  
of 7. Methane, associated with a c t i v i t y  of i n t e s t i n a l  bacteria, did m t  
increase i n  a regular fashion a f t e r  f l igh t .  A l c o h o l s  did increase 
pos t f l igh t  . 
Increases i n  a l ipha t i c  carbohydrates and acetone i n  expired air  also occurred 
a f t e r  short-term f l igh t s ,  but  to a lesser degree than a f t e r  long-term. After 
120-days of hypokinesia with head-down tilt followed by a shor t  period of 
acceleration, increases i n  ethane, ethylene, and acetone were as grea t  or 
greater  than after long-term space f l igh t .  The authors conclude t h a t  space 
f l igh t ,  especial ly  long d u r a t i m  space f l igh t ,  increases l i p i d  percoxidation 
i n  humans. 
Subjects were 20 Salyut-7 Cosmonauts, 
Samples of expired gas were collected in s o f t  
Samples were analyzed by chromatography using a flame 
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Figure: Changes i n  ancentrat i<:n ( in  %) of  endogenous substances i n  expired 
gas of humans before and a f t e r  exposure to a set of  specific environmental 
factors 
a- ethane and ethylene; b - ,acetaldehyde; c-acetone; d - methanol; e - 
isopropanol and N-pentane; f - n-butane; 1 - v i s i t i n g  crew; 2 - prime crew; 
3 - hypokinesia with headdown, tilt + acceleration; white bars - baseline; 
hatched bars - a f t e r  treatment:. 
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Musculoskeletal System, Skele ta l  Muscles, Dehydrogenases 
Rats 
Space Fl ight ,  Long-Term, COSMOS-1129, Hypokinesia 
Abstract: 
dehydrogenase of the  Krebs cycle, NAD-dependent malate dehydrogenase (MDH) 
and WP-dependent isocitrate dehydrogenase (ICDH) i n  mitochondrial and 
cytoplasmic fract ions,  and also lactate dehydrogenase (LDH) i n  the  
ske le t a l  muscles (apparently femur, tibia, and quadriceps) of rats that  had 
undergone a 18.5 day space f l i g h t  on COSMOS-1129 or a 20-day period of 
hypokinesia. 
not provided, and an earlier publication is referenced. 
i n  each group. Enzyme a c t i v i t y  was measured spectrophotometrically, and 
protein a c t i v i t y  was assessed using a procedure a t t r ibu ted  to Lowry.  
Multiple t-tests w e r e  performed. 
The goal of t h i s  research was to study the  a c t i v i t y  of 
Exact descr ipt ion of subjects and maintenance conditions are 
There were 6-10 animals 
On day 1 pos t f l igh t ,  a c t i v i t y  of the  enzymes studied decreased by a fac tor  
of 1.5 - 2 compared to the  analogous parameter i n  a control  group, 
suggesting insuf f ic ien t  inf lux of reduced equivalents from the  Krebs cycle 
i n t o  the  respiratory chain of the  mitochondria. MDH and ICDH a c t i v i t y  i n  
cytoplasm was also reduced, but to a lesser extent  (50-70%). Judging by 
lactate, rate of glycolyt ic  processes was l o w e r  than i n  the  control  group. 
?his phenomenon could be caused e i the r  by persistence of response to 
microgravity, or response to reentry i n t o  normal gravity. 
group i n  which subjects  were exposed to simulations of a l l  space f l i g h t  
factors except weightlessness, MDH and ICDH a c t i v i t y  was s ign i f i can t ly  
reduced i n  mitochondria but to a lesser degree than a f t e r  space f l igh t .  
Cytoplasmic MDH, ICDH, and LDH a c t i v i t y  showed only a tendency to decrease 
i n  t h i s  group. 
dehydrogenases a f t e r  space f l i g h t  is not a specific react ion of muscle cells 
to weightlessness, but  is a m o r e  general response amplified by 
weightlessness. Six days pos t f l igh t ,  mitochondrial MDH and ICDH a c t i v i t y  
were restored. In cytoplasm, a c t i v i t y  of a l l  three enzymes increased by a 
fac tor  of 1.5 to 2. Analogous parameters i n  animals i n  the  synchronous 
condition were no d i f f e ren t  from those i n  the  control  group, suggesting t h a t  
weightlessness has a spec i f ic  e f f e c t  on cytoplasmic dehydrogenases. The 
authors argue t h a t  the i m m e d i a t e  pos t f l i gh t  e f f e c t  on the  mitochondria 
attests to a lowered l eve l  of functioning, which may be me r e a m  fo r  
decreased consumption of oxygen by t i s sue  preparations from the  hind limbs of 
these same rats (described i n  an earlier publication). 
In  a synchronous 
This suggests t h a t  decrease i n  enzymatic a c t i v i t y  of 
Subsequent recovery 
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of mitochondrial parameters implies t h a t  the e f f e c t s  of weightlessness are 
reversible. The authors state t h a t  increased LDH a c t i v i t y  suggests t h a t  
increased rate of oxidation of the  substrate (ccurs  along the glycolyt ic  
pathway. 
amsidered a response to decreased production of reduced equivalents i n  the  
mitochondria. 
biosynthetic processes i n  muscle cells requiring a increased flow of NAD*H and 
NADP-H from the  mitochondria. 
The i m m e d i a t e  pos t f l i gh t  i n h i b i t i m  of cytoplasmic enzymes is 
Increased a c t i v i t y  6 days later attests to in tens i f ied  
A hypokinesia simulation experiment with rats showed only a tendency f o r  
mitochondrialdehydrogenase a c t i v i t y  to decrease a t  the end of a 20-day 
treatment. In  the  c y t o p l a s m ,  ICDH a c t i v i t y  decreased r e l i ab ly  on day 10 of 
treatment, and MDH decreased on day 6 of the  recovery period. LDH a c t i v i t y  
w a s  reduced by half  OII day 10 of treatment and remained depressed u n t i l  day 
1 of recovery. A l l  parameters were normal a f t e r  26 days of readaptation. 
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Figure 1: Dehydrcgenase a c t i v i t y  i n  the ske le t a l  muscles of rats 1 and 6 
days a f t e r  space f l i g h t  
Horizontal axis: experimental groups. Dotted l i n e  - standard error of the  
mean. * - s igni f icant  difference,  p < 0.05 from the  control  group. 1 - 
mitoxhondrial ICDH; 2 - cytoplasmic ICDH; 3 - mitoxhondrial MDH; 4 - 
cytoplasmic MDH; 5 - IDH. 
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Figure 2: Dehydrogenase a c t i v i t y  i n  s k e l e t a l  muscle of rats during 
hypokinesia and subsequent recovery 
Abscissa - day of hypokinesia (10,20) and or readaptation period (1, 6, 
26). Solid l i n e  - a c t i v i t y  of enzyme i n  cytoplasm; dotted l i n e  - 
a c t i v i t y  of enzyme i n  mittxchondria; v e r t i c a l  bars - standard error of 
the  mean fo r  control  group. 
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Musculoskeletal System, Motor Unit Potent ia ls  
Humans 
Water Imrs ioon  
Abstract: 
mechanisms underlying the development of changes i n  muscle f ibe r s  i n  space 
and during hypokinesia by comparing the  poten t ia l s  of l o w  and high threshold 
m o t o r  un i t s  a f t e r  i m m e r s i m  hypokinesia. 
immersion i n  water a t  33.4O C fo r  a period of 3 days. The experimenters 
studied the e x t r a t e r r i t o r i a l  po ten t ia l  of motor un i t s  of the biceps brachi i  
muscle. The propagation rate and duration of  motor un i t  po ten t ia l s  were 
recorded using vector electromyography from point  surface electrdes. 
Potent ia ls  of l o w  threshold m o t o r  un i t s  were recorded with t w o  moornopolar 
e lectrodes located at  a dis tance 10  m along the muscle f ibers ,  less than 20 
mm from both the  neuromotor synapse and the  end of the  muscle. To study 
high-threshold m o t o r  un i t  potent ia ls ,  a branching electrode placed near the 
neuromotor synapse was used i n  addition to the mcomopolar mes. In  three 
subjects, a high-selectivity ccmducting electrode w a s  placed under the  skin. 
When a subject  achieved a high l eve l  of muscle tension (XI an 
electromyogram measured from the  branching electrode, one high amplitude 
motor un i t  was ident i f ied ,  the  impulses from which were used to t r igger  the  
total EMG recorded by the  m<mopolar electrode. A total of 64 segments of 
in te r fe ren t  records from the  monopolar e lectrodes were averaged tro obtain 
the high threshold motor u n i t  potential .  
before and a f t e r  the  point a t  which it was triggered. Propagation rate and 
other  parameters were derived anal(qously fo r  l o w  and high threshold 
potentials.  
between the  negative m a x i m a  recorded by the t w o  moompolar electrcdes. 
Rotal duration of po ten t ia l s  w a s  considered to last from the beginning of 
the f i r s t  pos i t ive  phase to the end of the  last pos i t ive  phase. 
beginning of the  f i r s t  phase was generally not exactly discriminable, it was 
derived as a f u n c t i m  of length of the  total depolarized zone. 
381 m o t o r  un i t  po ten t ia l s  were recorded, of which 227 were l o w  threshold (74 
- control,  75 - day 1 of  immersion, 78 - day 3 of  immersion) and 154 w e r e  
high threshold (54 - control,  53 - day 1 of immersion, 47 - day 3 of 
imnersion) . 
The goal of  t h i s  study was to increase understanding of the  
Ten individuals underwent "dry" 
Each segment included 20 m s e c s  
Rate of propagation was established by measuring t i m e  in t e rva l s  
Since 
A total of 
Results indicated t h a t  exptxure tro immersion is accompanied by s ign i f i can t  
changes i n  the parameters of l o w  densi ty  m o t m  un i t  potentials.  
decreases i n  propagation rate were observed i n  9 of 10  subjects. The remaining 
subject had been repeatedly exposed to i m m e r s i m  and hypokinesia. 
baseline period, mean propagation rate of l o w  threshold poten t ia l s  was 4.93 - +0.16 m/sec.; a f t e r  1 day of immersion t h i s  value was 4.12 20.07 m / s e c ,  and 
a f t e r  3 days - 4.29M.09 m/sec.  
one a typica l  s u b j e z  was excluded. Rotal duration of l o w  threshold 
poten t ia l s  increased s igni f icant ly  during immersion, with the value fo r  1 day 
of exposure being higher than t h a t  for 3 days. 
a l te red  the  vector electromyographic pa t te rn  ( f o r m )  of l o w  threshold 
Signif icant  
In  the 
Changes were even more s t r i k i n g  when the  
Immersitm also s ign i f i can t ly  
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potent ia ls ,  suggesting shortening of the depolarized zone. Signif icant  
changes i n  parameters of high threshold poten t ia l s  did not occur. The authors 
a n c l u d e  that the main reason f o r  the changes i n  l o w  threshold motor u n i t  
po ten t ia l s  associated with immersion is a sharp decrease i n  muscle act ivi ty .  
They postulate  that the differences i n  the e f f e c t s  of immersion <XI high and 
l<rw threshold m o t o r  un i t s  are associated with the type of m e t a b o l i s m  i n  the 
muscle fibers. Oxidative m e t a b o l i s m  is cha rac t e r i s t i c  of muscle f i b e r s  of 
l o w  threshold units. One may postulate  t ha t  immersion f a c i l i t a t e d  development 
o f  a hypoxic prtxess to which l o w  threshold u n i t s  are sensit ive.  High 
threshold m o t o r  uni ts ,  characterized by glycolyt ic  m e t a b o l i s m ,  are not 
affected i n  t h i s  way. 
Figure 1: Diagram of the  mul t i e l ec tnde  consisting of t w o  morxqolar 
electrtdes (a) and one highly se lec t ive  branching electrode (b) 
Figure 2: Averaged l o w  densi ty  motor u n i t  po ten t ia l s  recorded i n  subject  M, 
before treatment and cn days 1 and 3 of immersion 
Figure 3: V e c t o r  electromyogram image of l o w  densi ty  motor un i t s  recorded 
i n  three  subjects before treatment and (XI days 1 and 3 of imnersim 
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Musculoskeletal System, Physiological Properties, Myofibrillar Proteins 
Rats, Males, Females, Pregnant 
Space Fl ight ,  Short-Term, COSMOS-1514, -1667 
Abstract: Contractitm and a o m p o s i t i m  of con t r ac t i l e  proteins of skeletal 
muscles were studied i n  rats a f t e r  a 5-day f l i g h t  (m COSMOS-1514 (pregnant 
females) and a 7-day f l i g h t  (on COSMOS-1667 (males). 
the animals were sacr i f iced  and muscles from t h e i r  f ron t  (brachial, medial 
head of the t r iceps)  and hind legs  (extensor digitorum longus, soleus, and 
medial head of the gastrocnemius) were isolated.  Contract i le  propert ies  
were studied i n  preparations of glycerinized muscle f ibe r s  in a s o l u t i m  of 
A"F4Ca2+. 
determined i n  samples of muscle t i s sue  frozen i n  l iquid nitrogen. C e l l u l a r  
f rac t ions  of proteins  (myofibril lar and sarcoplasmic) were prepared and 
analyzed. The quant i ta t ive  relat ionships  among f rac t ions  of myofibril lar 
proteins  was determined using electrophoresis m an SDS-polyacrylamide gel. 
Results for f l i g h t  animals w e r e  compared w i t h  those for a synchronous 
aontrol  and a vivarium group. 
On the  day of reentry, 
Absolute and r e l a t i v e  concentrations of nitrogen proteins  were 
In rats of both f l i g h t  groups, there  was a r e l i ab le  decrease i n  w e t  weight of 
a l l  muscles studied. 
a c t i v i t y  (triceps and soleus) increased progressively from the  5- to the 7- 
day f l igh t .  
a f t e r  the 5-day f l igh t .  
contraction a f t e r  the  5-day f l i g h t ,  but t h i s  e f f e c t  w a s  less pronounced i n  
the  medial head of the triceps;  however, loss of s t rength i n  the f i b e r s  of 
the  brachial  and gastrocnemius muscles w a s  as pronounced i n  synchr<mnoous 
controls  as i n  f l i g h t  animals, and loss w a s  more pronounced i n  the  latter 
group i n  the extensor digitorum longus. Decrease i n  force of contraction 
was noted tmly i n  the soleus i n  the  f l i g h t  groups. 
con t r ac t i l e  force was s igni f icant ly  l o w e r  i n  the  postural  muscles of the  
hind legs i n  f l i g h t  animals than i n  other  groups, but  was v i r t u a l l y  
unchanged i n  the  postural triceps and fast-twitch extensor digitorum longus, 
and showed a tendency tro increase i n  the  brachial  muscle. 
con t r ac t im  a f t e r  the  5-day f l i g h t  w a s  decreased i n  a l l  muscles except the 
extensor digitorum longus. After the 7-day f l i gh t ,  rate of contraction was 
s igni f icant ly  decreased i n  the  fast-twitch brachial  and s l o w  soleus muscles 
but did mot undergo s igni f icant  changes i n  the remaining muscles studied. 
After t h i s  same f l igh t ,  rate of semirelaxation of muscle preparations w a s  
decreased i n  the extensor digitorum longus, medial head of the  triceps, and 
soleus muscles, and unchanged i n  the  remaining ones. 
Loss of mass i n  muscles involved i n  postural 
Loss of mass i n  the  fast-twitch muscles w a s  somewhat grea te r  
A l l  muscles studied showed decreased force of 
After the 7-day f l i g h t ,  
Rate of 
Effects  of weightlessness (x1 composition of con t r ac t i l e  proteins  were more 
marked i n  the  soleus, triceps, and gastrocnemius muscles. After the  5-day 
f l i gh t ,  the  number of " s l o w "  l i g h t  chains of myosin i n  the  medial head of 
the t r i ceps  increased by approximately a facttrr of 4, while the "fast" 
myosins decreased by 50%. Amount of s l o w  myosin chains was unchanged i n  the  
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gastrtxnemius and soleus, while f a s t  myosin chains decreased i n  the soleus 
and increased i n  the  medial gastrtxnemius. The ratio of f a s t  to s l o w  l i g h t  
chains of myosins decreased by approximately 35% i n  the  soleus and medial 
head of the  t r i ceps  and increased by 90% i n  the medial gastrocnemius. 
After the 7-day f l i gh t ,  t h i s  ratio increased by 50% i n  the  soleus and 
gastrtxnemius, and decreased by 60% i n  the  triceps. 
The authors conclude t h a t  the react ions of s k e l e t a l  muscles of rats during 
the  i n i t i a l  pericd of weightlessness mainly r e f l e c t  changes a t  the  l eve l  of 
regulation, which do not lead to the  restructur ing of the  functional p r o f i l e  
of muscles observed a f t e r  more prolonged f l igh t .  These changes are not as 
proxwunced a f t e r  short-term f l igh t s ,  p a r t i a l l y  due to l imi ta t ions  on t h e i r  
development because of the  r e l a t ive ly  l o w  rate of metabolism of cont rac t i le  
proteins  i n  the  muscles. 
Table 1: Muscle miss ( i n  mg) i n  rats a f t e r  short-term space f l i g h t s  
Muscle F l i g h t  Dura- (;raup 
tim, days F l i g h t  Vivarium synchnmxls 
Brachial 5 
7 
Medial head of 5 
t r i ceps  7 
Extensor digitorum 5 
longus 7 
Soleus 5 
7 
Medial gastroc- 5 
nemius 7 
162.0" ,+ 
173.5 
l26.6* ,+ 
111.3*,+ 
118.0+ 
146.7* ,+ 
m.4* ,+ 
494.6* 
671.4*,+ 
108. a+ 
194.6 
205.7 
161.6 
171.3 
129.8 
168.0 
123.2 
163.7 
596.0 
801.7 
203.4 
208.3 
170.6 
167.3 
142.6 
174.6 
131.6 
172.4 
583.5 
752.9 
Here and i n  tab les  2 and 3; + - d i f f e r s  s ign i f icant ly  from synchronous 
group; * d i f f e r s  s ign i f icant ly  f r m  vivarium group (P < 0.05). 
Table 2: Force of contraction ( in  N - ~ n r n - ~  l0-l) muscle 
short-term f l i g h t s  
-le P l i g h t  Dura- (;roup 
tim, days F l i g h t  Vivarium 
Brachial 
Medial head of 
Extensor digitorum 
Soleus 
triceps 
longus 
Medial gastr tx-  
nemius 
5 
7 
5 
7 
5 
7 
5 
7 
5 
7 
1.28*,+ 
4.83+ 
2.37 
5.35 
6.65 
3.16*,+ 
4.55*,+ 
1.74" 
2.71*,+ 
2.02*,+ 
2.66 
4.46 
2.83 
5.41 
2.56 
6.71 
6.27 
8.20 
2.51 
3.96 
fibers of rats after 
sync- 
1.66" 
3.88* 
2.81 
5.51 
6.59 
5.48 
7.95 
1.95" 
3.88 
1.a2* 
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Table 3: Maximal rate of development ( in  g*sec'l 
of preparations of muscle f i b e r s  of rats a f t e r  short-term space f l i g h t s  
isometric contraction 
Mscle Flight Dura- (;roup 
-, aays Fl ight  Vivarium synchranus 
Brachial 5 
7 
Medial head of 5 
triceps 7 
Extensor digitorum 5 
l 0 ~ n g U S  7 
Soleus 5 
7 
Medial gastroc- 5 
nemius 7 
24.25* ,+ 
42.29" ,+ 
50.47 
36.83 
52.06 
21.35* r +  
21.80* ,+ 
26.36* r +  
54.04 
20.60* r+  
43.36 
56.50 
29.55 
45.72 
34.62 
53.40 
41.26 
30.12 
32.48 
54.90 
32.19* 
49.80 
28.56 
50.74 
34.38 
46.69 
38.64 
28.14 
35.92 
47.55 
60 
P925 (20/88) * Burkwskaya We, Vorozhtsova SV. 
'Ihe effect of hypdrinesla . on the osteogenic and hemopoietic functim of bone 
marrow in m i c e :  S t d i e d  i n  ecwic bane. 
Kosmkheskaya Biolcgiya i Aviakosmkheskaya Meditsina . 
[15 references; 2 i n  English] 
22 (4)  : 61-65; 1988. 
Musculoskeletal System, H e m a t o l q y ,  Bone Marrow, Osteogenic 
Mice 
Hypokinesia 
Functions, Ectopic Bone 
and Hemopoietic 
Abstract: Experiments were conducted (m SVA male mice and (SVA X S57Bl)F 
hybrids. These subjects  received implants b e l o w  t h e i r  rena l  capsule of 1)2 
of a bone mar row cyl inder  from the  femur bone of the  donor. The number of 
cells i n  the implanted fragments varied from (0.8 to 1.7)*107 with a mean of 
1.3+0.01)*107 cells. On day 30-35 after implantation, t he  newly formed bone 
meow organ w a s  removed and weighed, and smears were prepared f o r  determining 
its cytological composition. 
and the ectopic bone dr ied and weighed. Two experiments were run. 
f i r s t ,  bone m a r r o w  donors were subjected to hypokinesia (induced using 
immobil izat im cages) while rec ip ien ts  were maintained under normal 
conditions before and a f t e r  implantation. In experiment 2, rec ip ien ts  
underwent a 3-week period of hypokinesia, with the  implantation 5-7 days 
before t h i s  treatment. In  t h i s  experiment donors were t rea ted  normally. 
The 2 experiments together u t i l i z e d  260 rec ip ien ts  and 200 dcxxxs. 
The remainder of the  bone m a r r o w  was flushed 
In  the  
Animals exposed to hypokinesia showed marked behavioral and physiological 
signs of stress. Bone m a r r o w  from donor mice i n  the  perid of the  most 
severe stage of hypokinetic stress (3-day exposure) and the  period of 
r e l a t i v e  adaptation (3-week exposure) developed ectopic bone 
indis t inguishable  f r o m  t h a t  f o r m e d  when donors were maintained under rxxmal 
coxlditions. 
t h e i r  funct ional  a c t i v i t y  are unaltered by a 3-week period of hypokinesia. 
Number of myelokarytxytes i n  the  implant d id  not  d i f f e r  when donor was 
exposed to hypokinesia. The ectopic hemopoietic focus also d id  r x k  appear 
to be af fec ted  by immobilization of donors. 
m a r r o w  f r o m  i n t a c t  &mors w a s  implanted i n  mice subsequently exposed to 3 
weeks of hypokinesia, i n t a c t  osteogenic precursor cells and hemopoietic 
stroma formed a normal osteoid and hemopoietic microenvironment. However, 
after 3 weeks of hypokinesia, the newly formed organ w a s  s ign i f i can t ly  (by 
approximately 40%) b e l o w  t he  cont ro l  group i n  the  weight of bone and 
hemopoietic t issues.  when the c e l l u l a r  composition of the implant w a s  
examined i n  i n t a c t  rec ip ien ts  after a month, it w a s  found that the 
h e m p i e t i c  f t c u s  was still  being f o r m e d .  This t i s s u e  d i f fe red  from t h a t  of 
the  femur bones i n  l o w e r  concentration of granulocytes and higher numbers of 
erythroids  and lymph-like cells. 
rec ip ien ts  were exposed to hypokinesia. 
This suggests t h a t  t he  quant i ty  of ostecqenic precursors and 
In  the  semnd experiment, where 
This d i f fe rence  w a s  also found when 
The authors conclude t h a t  hypokinesia depresses the  development of ectopic 
bone and foc i  of ectopic hemopoiesis i n  heterotrcpic transplantat ion of 
syngenic bone m a r r o w  below the r ena l  capsule of mice. 
suggest t h a t  t he  leading factor i n  inh ib i t i on  of the  processes of ectopic  
osteogenesis when m i c e  are exposed to hypokinesia is the  acute stress 
react ion accompanied by increased prtxluction and secre t ion  of 
The data  obtained 
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gluctxxxticoids. I t  can be assumed t h a t  the processes of inh ib i t ion  of 
osteogenesis also apply to the osteogenic component continuously 
remodeling the  ske le t a l  bones. Thus, the stress e f f e c t s  of long-term 
restricted movement makes a d e f i n i t e  contribution to the development of 
systemic osteoporosis as a r e s u l t  of inh ib i t ion  of  neogenesis of bone 
t issue.  The m o s t  sens i t ive  s tage  of osteogenesis is the pericd of formation 
of the organic port ion of t he  bone matrix, when the  csteoblasts (target 
cells for the e f f e c t s  of gluctxxxticoids) ac t ive ly  synthesize bone proteins. 
However, it is clear t h a t  osteogenic precursor cells and stromal precursors 
t h a t  create the  hemopoietic microenvironment retain t h e i r  functional 
a c t i v i t y  even during hypokinesia. 
m b l e  1: Weight of s t ress-sensi t ive organs, ectopic bone and ectopic  
hemopoietic focus 
1 24.8 
(110) 
2 18.6 
(51) 
3 24.8 
(56) 
4 26.7 
(32) 
5 16.8 
(37) 
88.6 
(77) 
42.2* 
(51) 
88.6 
(35) 
81.3 
(24) 
44.1 
(37) 
ectopic hem- 
poietic focus,mg 
5.69 
(91) -- 
5.71 
(651 . .  
5.58 
(24) 
3.22* 
(37) 
Group 1 - i n t a c t  donor - i n t a c t  recipient;  2 - 3-day hypokinesia; 3 - 3-day 
hypokinesia, donor - i n t a c t  recipient ;  4 - 3-week hypokinesia, donor - 
i n t a c t  recipient;  5 - i n t a c t  donor - 3-week hypokinesia, recipient.  * - 
difference from group 1 s t a t i s t i c a l l y  s ign i f i can t  (p < 0.001). 
parentheses ind ica te  number of animals. 
Numbers i n  
Table 2: Cytological axnposition of bone marrm i n  femur and ectopic bones 
Bone Hcnoopoietic cells, % 
Tibia 
Qan- Erythroia LynphocVtes 
elements 
Control (N=21) 56.5 19.4 23.3 
3-week hypokinesia (27) 60.0 19.5 19.1 
Ectopic bones 
Control (17) 44.6* 23.5" 29.8" 
3-week hypokinesia 48.1* 24.0* 25.6* 
* - differences between femur and ectopic bone s t a t i s t i c a l l y  s ign i f icant .  
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Musculoskeletal System, Osteoporosis, Prevention 
Rats 
Hypokinesia , Pharmacological Countermeasures, Xydifon 
Abstract: 
hydroxyethylidene biphospkonic acid) i n h i b i t  the  resorption and m e t a b o l i s m  
of  bone t i s sue  t h a t  accompanies increased bone mass i n  normal animals. 
study investigated the effect iveness  of this drug i n  preventing disuse 
osteoporosis i n  rats exposed to hypokinesia. 
i n t o  seven treatment groups. Group 1 was the control;,  group 2 spent 32 days 
under conditions of "pure" hypokinesia ( m c d e l  not speclfled);  group 3 was 
injected subcutaneously with 10 mg/kg xydifon fo r  7 days and then sacr i f iced  
and studied; group 4 received the  ident ica l  drug treatment fo r  7 days and 
was maintained fo r  the subsequent 32 days under Normal laboratory 
conditions, a f t e r  which the  rats were sacr i f iced and studied; group 5 
received xydifon f o r  7 days and then spent 32 days i n  hypokinetic 
conditions; group 6 and 7 animals were treated ident ica l ly  to those i n  group 
5, except t h a t  during the hypokinesia period they were injected da i ly  with 1 
and 5 mg/kg of xydifon, respectively. Each group contained 10  subjects. 
A f t e r  treatment, subjects  were sacr i f iced and their t i b i a ,  femur, brachial ,  
and vertebrae (at  the  l eve l  of the  lumbar area), sterna,  and i l iac  bones 
isolated. T i s s u e  was fixed (solution of 5% formaldehyde) with Muller's 
f i xa t ive  and decalcif ied i n  7% t r ich loroace t ic  acid and poured i n t o  
his toplast .  
the  center  of  the  long bones (proximal end of the t ibia and brachia and 
d i s t a l  end of the  femur) and bodies of the  vertebrae, sterna and i l iac bones 
and stained with hematoxylin, eosin, or toluidine blue. The s t a t e  of bone 
t i s s u e  w a s  evaluated histomorphometrically fo r  the following parameters: 
three-dimensional density of total spongy bone i n  the  area of the primary 
spongiosa of the t i b i a ,  vertebrae and sternum 0.5 mm from the  lower edge of 
the epiphysial  growth layer,  and width of the epiphysial  growth layer and 
its individual car t i laginous zones. 
determined using an t x u l a r  matrix. The number of osteoblasts  and 
osteoclasts i n  a v isua l  f i e l d  (mag. 400 X) were counted i n  the zone of the  
primary spongiosa of the bones of the  legs and trunk. Statist ical  tes t ing  
u t i l i z e d  Student's t. 
I t  was previously shown tha t  high doses of xydifon (or ksidifon: 
This 
Male W i s t a r  rats were divided 
Longitudinal cross sect ions 5-7 um thick were prepared through 
Three-dimensional parameters were 
A period of 32 days of hypokinesia reduced the densi ty  of a l l  spongy bone by 
m o r e  than 50% i n  the  metaphysis of long bone and by approximately 15% i n  the  
bones of the  trunk and pelvis  compared to the  normally treated controls. 
Inject ion of 10  mg/kg xydiftxl fo r  7 days increased the  mass of spongy hone 
i n  the  leg bones of otherwise Normally treated rats to 120% of baseline 
immediately a f t e r  treatment. This parameter was unchanged i n  other bones. 
When the e f f e c t  of xydifon was measured 32 days a f t e r  treatment termination 
(group 4 ) ,  spongy bone densi ty  did not d i f f e r  from baseline i n  any bones 
studied. When 7 days of xydifon was followed by 32 days of hypokinesia, no 
hone loss was noted i n  any bone a f t e r  the combined treatment. 
Administration of xydifon during and prior to hypokinesia s ign i f icant ly  
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increased spongy bone density i n  long bones re l a t ive  tr) i n t a c t  a m t r o l s  
s ignif icant ly .  Other bones were not s ign i f icant ly  affected. The higher 
dose of the  drug (5 mg/kg) (group 7) w a s  associated with a grea te r  increase 
(up to 150% higher than fo r  control  subjects). 
Histological examination showed t h a t  hypokinesia decreased density i n  the  
metaphysis of long bones. 
layer decreased by 30-40%, with the width of the hypertrophic and 
pro l i fe ra t ion  zones also narrowing. 
decrease i n  the  secondary spongiosa; however, between the  primary and 
secondary spongiosa were "ptckets" varying i n  width and devoid of bone t issue,  
Le. the  majority of spongy bone moved away from the  primary spongiosa i n  
the d i rec t ion  of the diaphysis. In  these groups the  growth layer w a s  
ident ica l  i n  width tm t ha t  of animals i n  group 2 (hypokinesia alone). 
In  group 7, spongy bone grew denser, forming a continuous "fence". 
Width of the  epiphysial  growth layer increased i n  t h i s  group due to 
increases i n  the  hypertrophic zone and exceeded baseline level. These 
changes did not occur i n  the trunk and pe lv is  bones. 
In t h i s  group, width of the epiphysial growth 
In groups 4-6 bone density did not 
When densi ty  of the primary spongiosa was measured it was found t h a t  mass of 
spongy bone i n  the  t i b i a  of rats i n  groups 4 and 5 had decreased 
s i g n i f i c a n t l y  compared to basel ine.  Addit ional  q d i f c m  i n  dose of 1 mg/kg 
during hypokinesia did not correct t h i s  problem, while a dose of 5 mg/kg 
increased densi ty  to 160% control  level. S i m i l a r  but  less pronounced 
r e s u l t s  occurred i n  the  bones of the trunk. 
i n  primary spongiosa i n  groups 4 and 5 suggest t ha t  these changes are not 
due to hypokinesia but  to preliminary administration of xydifon, which 
inhibi ted longitudinal bone growth. 
width of the epiphysary growth layer was the same i n  these t w o  groups. 
increase i n  bone mass throughout the  metaphysis and i n  the primary spongiosa 
area can be explained by inhibi t ion of the  ca l c i f i ca t ion  zone of the  
epiphysial  growth layer. The hypertrophic zone of cartilage broadens due tr> 
longitudinal bone growth. 
Similar losses of bone t i s sue  
This is corroborated by the  f a c t  t h a t  
The 
Hypokinesia led to proportional decreases i n  (x teoblas t s  and cxte<clasts i n  
t i b i a  and trunk bones. 
led tmly to decrease i n  number of osteoclasts i n  both types of bone, with 
osteoblasts v i r t u a l l y  unaffected. 
e r e  seen i n  a l l  cases where xydifon w a s  used. In the  t i b i a ,  changes i n  
osteoclasts depended tn spec i f i c  conditions. 
increase i n  osteoclasts i n  t h i s  bone, but  not to control  level. 
of groups 5 and 7, osteoclasts decreased i n  the t ib ia .  Osteoblasts i n  the  
t i b i a  of animals i n  groups 4-7 decreased compared to those of animals i n  
groups 1-3. 
precursors to osteoblasts  i n  formation of new bone. The effect iveness  of 
xydifon (administered before and/or during hypokinesia) i n  preventing 
osteoporosis makes t h i s  a prcxnising drug fo r  use i n  space medicine. 
I n j e c t i m  of xydifon (not accompanied by hypokinesia) 
The decrease i n  osteoclasts i n  the  trunk 
Rats i n  grcxps 4 and 6 showed 
In  animals 
The authors conclude t h a t  xydiftm increases the involvement of 
6 4  
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Table: Number of bone cells per 1% bone mass, i n  the  area of the  primary 
spmqiosa of various bones 
GrtXlp Tibia bone 
Osteoblasts O s  tetclas ts 
1 2.0 0.38 
2 1.2 0.22 
3 1.3 0.13 
4 0.7 0.46 
5 0.15 0.33 
6 0.37 0.70 
7 0.24 0.08 
Bones of the  trunk 
Osteoblasts Osteoclasts 
0.67 0.23 
0.37 0.10 
0.67 0.11 
0.06 0.16 
0.08 0.15 
0.10 0.18 
0.19 0.09 
1 2  34567 1 2  34567 
Figure 1: H i s t o g r a m  of three-dimensional densi ty  of total spongy bone i n  the  
rnetaphysis of long bones (a) and bones of the trunk and pe lv is  (b) 
of normal control,  taken as 100%). Vertical l i nes  - confidence in t e rva l  f o r  
p= 0.05. 
H e r e  and i n  Figure 3: abscissa - group; ordinate  - bone densi ty  ( in  % 
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Figure 2: Microphotographs of the  metaphysis of long bones of rats 
a - e -- animals i n  groups 1, 2, 5 - 7, respectively. 1- bony edge of 
the epiphysial  center of ossif icat ion;  2 - epiphysial  growth layer; 3 - 
primary spongiosa (bone); 4 - t r ans i t i ona l  zone; 5 - secondary spongiosa. 
Hem toxylin and eosin. 
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Figure 3: Histogram of three-dimensional density of spongy bone i n  the area 
of the primary spongiosa of the  t i b i a  (a) a d  i n  the  bones of the  trunk (b) 
Figure 4: H i s t o g r a m  of the quantity of osteoblasts  (a) and oste<xAasts (b) 
i n  the  t i b i a  (c) and bones of the trunk (d) 
Abscissa: group; ordinate: number of cells ( i n  % of i n t a c t  control)  
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Musculoskeletal System, Bone Changes, Mineralization, Strength 
Humans and Animals 
Microgravi t y  , Space Fl ight  
Abstract: This paper reviews the  literature on the  e f f e c t s  of weightlessness 
on bones. 
changes i n  the s t rength charac te r i s t ics  of bones occurring i n  response to 
altered gravity,  it is su f f i c i en t  to study t w o  parameters: the  concentration 
of mineral substance i n  spc~ngy bone and the mineralization of the organic 
matrix. Of these, the  latter is more important and, furthermore, can be 
measured mninvasively using computer tomcgraphy. D a t a  i n  the  literature 
support the conclusim tha t  space f l i g h t  i nh ib i t s  a l l  aspects of bone 
growth. Bones bearing the body's weight under normal g are m o s t  affected by 
microgravity, and the  spongy s t ruc tures  are more a l te red  than compact ones. 
Comparative interspecies  s tudies  show t h a t  magnitude of osteodystrophic 
changes is posi t ively associated with metabolic rate and negatively 
asstxiated with the  i n i t i a l  density of bone structures.  
induced osteodystrophic changes include decrease i n  bone m a s s ,  s m a l l  
decreases i n  degree of mineralization of ex is t ing  bone s t ructures ,  and s o m e  
decrease i n  Ca i n  t h e i r  mineral component. 
the  bone mineralization pr txess  with l o w  mineralization of the  organic 
matrix forming i n  hypcqravity accompanying hypermineralization of old 
structures.  
unchanged or increased rate of resorption. 
The authors conclude t h a t  i n  order to understand the  major 
Space-f l igh t -  
There is a dissociat ion within 
These changes are caused by inh ib i t ion  of osteogenesis and 
Before clear symptoms of decreased bone mass occur i n  space, ce r t a in  species 
s h w  small decreases i n  Ca i n  the  mineral component and marked decreases i n  
s t rength of compact or spongy bone. The authors explain these changes as 
follows: absence of grav i ta t iona l  loading i n  weightlessness induces 
weakening of the  functional and hydroxyl a s s t c i a t ions  between the organic 
and mineral components, decreasing the r i g i d i t y  of bone and "equalizing" 
the  tension. The mechanism underlying these changes may be loss of ions 
from the  surface of the  crystal .  Since t h i s  layer contains only calcium, and 
not phosphorus ions, the decrease i n  calcium i n  the  mineral component is 
explained. Changes i n  the collagen-crystal associations also explain 
decrease i n  the  mechanical properties of bone, i n  turn explaining t h a t  
a f t e r  weightlessness or its analogues, spongy bone retains its normal 
ass tc ia t ion  between s t rength and density, while c o m p a c t  bone exposed to 
hypokinesia is weaker fo r  a given densi ty  than normal compact bone. 
Although bone starts to regain its densi ty  a f t e r  space f l igh t ,  evidently 
the stress of readaptaticm fur ther  weakens collagen-crystal bonds. Thus, on 
day 6 pos t f l igh t ,  bones of rats flown (m COSMOS-1129 showed fur ther  decrease 
i n  amcent ra t ion  of calcium i n  the  mineral component, accompanied by 
decrease i n  bone strength despi te  increased density. 
The authors hypothesize t h a t  the t r igger  fo r  osteodystrophy i n  response to 
microgravi t y  is decreased generation of electric potentials.  This evidently 
acts as a d i r e c t  st imulus fo r  the  migra t im of F lympkxy tes  from the  blcxfi 
i n t o  the bone t issue,  where, activated by monocytes through emission of PGE, 
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they begin to produce cxtetxlast-activating factor ,  which has been shown to 
i n h i b i t  osteogenesis, possibly by inhibi t ing synthesis of BMP (bone 
morphcgenic protein),  as ref lected i n  re tardat ion of the  maturing of new 
structures. OAF also increases the  populatitm and a c t i v i t y  of osteoclasts, 
sharply increasing resorption, but  data (XI whether t h i s  oxcurs i n  space are 
contradictory. (Perhaps, when gravi ty  loading is removed, it is not 
txteoclast resorption t h a t  increases, but another perlacunary resorption 
pathway. ) In  addition, regulation by osteotrophic vitamins, hormones, and 
prostaglandins are hypothesized to play a role i n  the  e f f e c t s  of space 
f l i g h t  on bone. 
Changes i n  b k x d  supply to bones i n  microgravity may also be important. 
Vitamin D is thought to be par t icu lar ly  important. 
The authors coonclude t h a t  bone changes i n  space r e s u l t  from processes under 
coomplex multi-level regulation. A detai led study of a l l  components of t h i s  
process may provide important contributions to many areas of space and 
c l i n i c a l  medicine. 
Figure : Interact ion between mechanical and morphological charac te r i s t ics  of 
spongy and compact h~ne 
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&>tor Pat terns  
Abstract: This chapter summarizes and d r a w s  aonclusioons from the  r e s u l t s  of 
three groups of experiments. Analysis is guided by the general goal of 
determining how neurotrophic fac tors  in tegra te  adaptive changes i n  muscle 
during space f l i g h t  (par t icular ly  the e f f ec t s  of weightlessness and the  
consequences of these changes fo r  m o t o r  function a f t e r  re turn to Earth). 
One viewpoint postulates  t ha t  the m o t o r  disturbances noted during the  f i r s t  
days of exposure to weightlessness are associated with changes i n  various 
inputs  to the  m o t o r  control  system. This system, which through evolution 
has adapted to a ce r t a in  l eve l  of gravity,  could mot function without 
constant flow of a f f e ren t  propritxeptive feedback to guide adjustment of 
motor programs. Changes i n  s k e l e t a l  muscles per se are observed a f t e r  longer 
t e r m  exposure to weightlessness. The f i r s t  muscular e f f e c t s  appear scxon 
a f t e r  abatement or disappearance of the  i n i t i a l  motor disturbances during 
the acute peritd of adaptation to weightlessness, or on Earth a f t e r  
aompletion of short-term (up to 3 weeks) f l igh ts .  
These tendencies were m o s t  pronounced on an 18-day f l i g h t  on Sooyuz-9, 
throughout which prophylactic measures were used less extensively than 
during subsequent f l ights .  Certain problems observed a t  the  beginning of 
the f l i g h t  with coosmonauts' estimations of muscle force and use of forces  
inappropriate to particular m o t o r  t a s k s  were overcome by days 3-4 of the  
f l igh t ,  a t t e s t i n g  to the development (of a new m o t o r  template providing m o t o r  
ccxordinatim appropriate to the  new conditions. However, the  physical work 
capacity of the  cosmonauts decreased noticeably a f t e r  12-13 days of f l i g h t ,  
as re f lec ted  i n  fa t igue  cccurring a t  the end of each day during the  last 
th i rd  of the f l igh t .  Postf l ight ,  the  m e m b e r s  of the  Soyuz-9 crew displayed 
a s igni f icant  loss i n  muscle mass and strength of the  lower limbs, and 
marked postural  and m o t o r  disruptions. Other long-term f l i g h t s  have been 
associated with s i m i l a r  changes. 
These results are consis tent  with differences between the m o t o r  regulating 
system and the  ske le t a l  muscles per se i n  rate of adaptation to 
weightlessness. 
and posture (a special case of movement) is a major function of the  cent ra l  
nervous system. 
w i t h  neurotransmitters, there  are several  ways motoneurons can inf  h e n c e  
Current theories  postulate  that tmgoing control  of movement 
Without considering neural (efferent)  act ivat ion of muscles 
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muscles: neurotrophic substances such as morphogens tha t  are released by 
nerve impulses, neurohormones, (or other humoral effects .  Neurotrophic 
fac tors  require  subs tan t ia l ly  greater  t i m e  (hours and days) to t a k e  effect .  
The main function of such fac tors  is to support the  skeletal muscles i n  a 
d i f fe ren t ia ted  state. Each muscles w i l l  have a par t icu lar  d i s t r ibu t ion  of 
the  d i f f e ren t  m o t o r  fibers i n  accordance with its primary function. 
A major presupposition of the  author's research is  t h a t  a t  least t w o  
regulatory systems, d i f f e r ing  i n  t i m e  constants, 
of gravity-dependent changes i n  m o t o r  functions and the  s t a t e  of s k e l e t a l  
muscles (par t icu lar ly  during space f l igh t ) .  In  accordance with t h i s  idea, 
the f i r s t  group of experiments involved study of the  con t r ac t i l e  
cha rac t e r i s t i c s  of muscle f i b e r s  and preparations of isolated muscles i n  
white rats a f t e r  f l i g h t s  of approximately 3 weeks, on the  COSMOS 
b iosa t e l l i t e s .  
participate i n  the  genesis 
UXMX Space Plight Results 
M o t o r  a c t i v i t y  was recorded during f l i g h t  and the  propert ies  of isolated 
muscles of the  hind limbs - the  soleus and extensor digitorum longus -- were 
studied postf l ight .  Parameters of isometric contraction (force, speed of 
contraction, fa t igabi l ty)  of  prepared muscles were recorded while delivering 
unitary and rhythmic s t imulat ion (smcxkh tetanus) (COSMOS-605, -690). For 
s o m e  f l i g h t s  (COSMOS-936, -1129), muscles of the  forelimbs, the  medial head 
of the triceps, and brachial  muscles, were also investigated by measuring 
amplitude-time charac te r i s t ics  of t h e i r  isometric contractions i n  a solut ion 
of ATP + Ca2+. Strength and speed of contraction were computed. Impulse 
force, w a s  used as a measure of work capacity. Synchrtmous and vivarium 
control  groups were used. 
[Absolute] Loss of muscle mass occurred i n  the order brachial  muscle < 
extensor digitorum longus < medial head of the  triceps < so leus  muscle. 
g rea tes t  [ re la t ive]  loss i n  mass w a s  moted i n  the  soleus (56%), and the  
least i n  the extensor digitorum longus and brachial  muscles (10 and 16$, 
respectively). 
s ign i f icant  decrease i n  maximum amplitude of smcxoth tetanus (+ by 30-68%) 
and i n  absolute strength (+ per un i t  mass - by 21-35%). 
the extensor digitorum longus, the  changes i n  these parameters showed 
similar tendencies i n  both the  f l i g h t  and synchronous groups. 
were noted i n  the amplitude of a s ingle  response ( 
There w a s  a decrease (by 20-58%) i n  the magnitude (2 the  ratio Ilr/Ao i n  the 
soleus muscle. 
The 
Preparations of isolated soleus muscles demonstrated a 
In  preparations of 
N o  changes 
i n  e i the r  muscle. 
Immediately pos t f l igh t  the  soleus alone displayed s t a t i s t i c a l l y  r e l i a b l e  
changes, including decrease i n  res i s tance  to fatigue,  increase i n  r i g i d i t y  
of the muscle during passive extension to 1.3 t i m e s  its length a t  rest, 
"acceleration" of the aon t r ac t im  process, and decrease (by 26-48%) of the 
t i m e  fo r  tetanus to develop to half of +. These parameters, except fo r  
strength,  recovered by day 26 postf l ight .  
The capacity of muscle f i be r s  to develop force a f t e r  space f l i g h t  w a s  also 
decreased s igni f icant ly  (by 36-48%) i n  preparations of the  soleus and medial 
head of the  tr iceps.  These muscles displayed the  greatest loss of mass and a 
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s t a t i s t i c a l l y  s ign i f icant  decrease i n  f ibe r  diameters. In  contrast ,  the  
con t r ac t i l e  s t rength of fas t - twitch f i b e r s  e i the r  changed only s l igh t ly  
(extensor digitorum longus, COSMOS-1129), or increased to a s t a t i s t i c a l l y  
s ign i f icant  extent  (brachial  muscle, COSMOS-946). Work capacity of s ing le  
f ibe r s  i n  the  soleus and medial head of the t r i ceps  w a s  depressed a f t e r  
space f l i g h t ,  and w a s  close to the  work capacity of fast-twitch muscle 
fibers. The latter was f o r  the  m o s t  part v i r t u a l l y  unchanged, but i n  one 
case (brachial  muscle, COSMOS-936) exceeded aontrol  values. In  t h i s  same 
instance there  was an increase i n  the  mean diameter of brachial  muscle 
fibers. 
Pos t f l igh t  contraction speed of muscle f ibe r s  a f t e r  space f l i g h t  increased 
i n  the  soleus and e i t h e r  only s l i g h t l y  a l te red  or tended to decrease i n  
preparations of the  medial head of the  t r iceps  (COSMOS-1129). A r t i f i c i a l  
gravi ty  corrected or attenuated changes i n  physiological propert ies  of the 
m e d i a l  head of the t r i ceps  and brachial  muscles (COSMOS-936). 
Based on decrease i n  aon t r ac t im  speed i n  the norm the muscles studied can 
be placed i n  the  following order: brachial  < extensor digitorum longus < 
medial head of the t r i ceps  < soleus muscle. 
charac te r i s t ics  of muscles i n  the  f l i g h t  and control  groups suggests t h a t  
changes i n  t h e  postural muscles (soleus, m e d i a l  head of the triceps) w e r e  
d i r ec t ly  caused by gravity. In  contrast ,  changes i n  temporal 
cha rac t e r i s t i c s  of fast-twitch muscle (brachial  muscle and extensor 
digitorum longus) functions were similar i n  f l i g h t  animals to those 
txxurring i n  the  synchronous control  conditions. 
suggests t h a t  these are m o s t  l i k e l y  caused by the  t o t a l i t y  of f l i g h t  fac tors  
including the  maintenance aonditions of the  animals. In par t icu lar ,  
hyperfunction i n  the  brachial  muscle may be explained by behavioral 
adaptation of the  animals to weightlessness, because when the animal 
attempts to s t a b i l i z e  its btiiy posit ion,  it mainly increases a c t i v i t y  
(including tonic  ac t iv i ty )  of i ts forelimbs, which i n  the ra t  are be t t e r  
adapted to highly d i f fe ren t ia ted  movements. This circumstance is associated 
with a s t a t i s t i c a l l y  r e l i a b l e  increase i n  the  total  m o t o r  a c t i v i t y  of the  
animals i n  f l i gh t ,  as noted i n  b i o s a t e l l i t e  experiments. 
Changes i n  functional 
Analysis of these r e su l t s  
The changes observed i n  the morphofunctional cha rac t e r i s t i c s  of muscles, 
which are m o s t  prooncounced i n  the  soleus muscle (decrease i n  muscle mass and 
f ibe r  dimensions, decrease i n  s t rength capacities, loss of e l a s t i c i t y )  agree 
w e l l  with r e s u l t s  of other  morphological and biochemical analyses performed 
on analogous material i n  b i o s a t e l l i t e  experiments. Such changes attest to 
the development of pronounced atrophy and s t imulat ion of albuminolysis i n  
the soleus muscle. 
and mixed muscles of the  hind limbs, no such changes were observed. 
were there  changes i n  the  con t r ac t i l e  propert ies  of glycerinized m o t o r  
f ibers .  
In  the  extensor digitorum longus and other  fast-twitch 
Nor 
The c i t e d  r e s u l t s  of physiological research also support the hypothesis t h a t  
the  postural muscles, especial ly  the  soleus, undergo adaptive changes i n  
addition to atrophy and hypodynamia. These e f f e c t s  can be observed i n  the 
acceleratim of aon t r ac t im  t i m e  i n  s ing le  muscle f ibe r s  and isolated soleus 
muscles. 
t he  amplitudes of te tan ic  and s ingle  responses (AT:@ i n  the  isolated 
This is fur ther  arroobtorated by the  decrease i n  the  ratio between 
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soleus, which is indicat ive of the  changes i n  the  proportions of s l o w -  and 
fast-twitch fibers, increasing the  number of the  latter. This hypothesis is 
amfirmed by the  r e s u l t s  from morphological and biochemical s tudies  i n  
b i o s a t e l l i t e  experiments. 
myosin and the  f rac t iona l  composition of troponin- tropomyosin complex, which 
changes i n  a manner analogous to changes i n  con t r ac t i l e  speed i n  the  muscles 
of the same animals. The d i s t i n c t  increase i n  myosin with a LTs-3 l i g h t  
chain i n  the  soleus deserves special attention. In  the  n o r m ,  the  soleus 
contains txlly traces of this fragment of the myosin molecule. 
component of " fas t  myosin" is associated with high ATPase a c t i v i t y  of the 
fast-twitch muscle fibers.  A t  the same t i m e ,  f a s t  muscles showed evidence of 
res t ructur ing of the  myosin populations, with an increase i n  the  isoforms of 
" s l o w "  myosins. 
D a t a  were obtained (xl the  isoenzyme spectrum of 
This 
Histochemically, f l i g h t  animals displayed a sharp decrease i n  oxidative 
enzyme a c t i v i t y  i n  the red f i b e r s  of the soleus muscle. Changes i n  the  
lactate dehydrogenase isoenzyme spectrum were also observed, confirming t h a t  
aerobic respiratitxl w a s  inhibi ted and glycolyt ic  metabolic pathways w e r e  
activated.  
The author concludes t h a t  the  data suggest t ha t  rat  skeletal muscles react 
to weightlessness or the  e n t i r e  set of space f l i g h t  fac tors  as a system. 
The magnitude and d i rec t ion  of changes i n  a par t icu lar  muscle depend tn the  
extent  of its involvement i n  p s t u r a l  a c t i v i t y  ( in  a given species of 
animal) and also cxl the  anatomical/topcqraphical and biomechanical 
cha rac t e r i s t i c s  of the muscle. 
When changes i n  the  cont rac t i le  properties of an t igrav i ty  muscles -- the  
slow-twitch soleus and fast-twitch m e d i a l  head of the  triceps - are 
compared to those txcurring i n  the  fast-twitch f lexor  muscles -- the  
brachial  and extensor digitorum longus -- the  hypothesis t h a t  they adapt 
d i f f e ren t ly  to space f l i g h t  is supported. 
can be distinguished i n  the  an t igrav i ty  muscles. One of these is manifest 
i n  revers ible  disuse atrophy and loss of strength and, evidently, decrease 
i n  e l a s t i c i t y ,  which may be the consequence of a partial replacement of the 
functional proteins  by stromal proteins. The second type of adaptation is 
involves the restructur ing of myosin populations i n  the  fibers of 
ps tura l  muscles resu l t ing  i n  an increase i n  t h e i r  contraction speed. 
Evidence for these t w o  types of adaptation is especial ly  clear i n  the soleus 
msc le. 
Two types of ac t ive  adaptation 
?he fast-twitch f lexor  muscles display v i r t u a l l y  no s igns of the  f i r s t  
reactitxl type. 
weakly manifested or lead to muscle hypertrcphy accompanied by a slowing of 
contrac t ion,  which is m o s t  prcmounced i n  the  brachial  muscle. 
The d i f f e ren t  reactions between the postural and fast-twitch f lexor  muscles 
to space f l i g h t  conditions are probably caused by more than t h e i r  d i f f e r ing  
functions, s ince t h e i r  a c t i v i t y  changes i n  d i f f e ren t  ways under these 
conditions. 
muscles are associated d i r e c t l y  with weightlessness. 
twitch f lexor  muscles are determined more indirectly.  
Adaptive prtxesses of the  second type are e i t h e r  very 
Judging by the  r e s u l t s  cited above, only changes i n  an t igrav i ty  
Reactions of the  fas t -  
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In the  second group of s tudies ,  the significance of various components of 
movement fo r  maintaining muscles i n  the normal (different ia ted)  state w a s  
assessed. In  me experimental condition the predominantly phasic component 
of movement was excluded (hypokinesia); i n  a separate condition, the tonic  
component and the  support loading on the  muscles were eliminated 
(hypodynamia). 
immobilization cages. Hyptdynamia was created i n  the  muscles of the  forelimb 
by amputating the  d i s t a l  portion of the  leg and i n  the  muscles <of the  hind 
limbs, by suspending the animals [by the  tai l]  i n  special cages where they 
could move around using only t h e i r  forelimbs. In  addition, act ivat ion of the  
postural  muscles by long-term (22 days) exposure to centr i fugal  accelerat ion 
was studied. 
Hypokinesia w a s  prcduced by housing animals i n  
Preparations of isolated muscles were used to study the e f f e c t s  of long-term 
hypookinesia (30-120 days), hypodynamia i n  the  amputation model (up to 3 
m)nths) and the effects of +2Gx acceleration. The con t r ac t i l e  properties 
of the  muscle f ibe r s  were studied after hypokinesia, hypodynamia (I t a i l  
suspension" model), or exposure ixo acceleration, a l l  l a s t ing  22 days. The 
same muscles ard contraction parameters were studied as those i n  the  
b i o s a t e l l i t e  experiments, w i t h  the exception of long-term hypokinesia, where 
only the  con t r ac t i l e  propert ies  of isolated p lan ta r i s  muscles w e r e  studied. 
Neither i n t a c t  muscles mor muscle f i be r s  showed any appreciable s igns of the  
development of atrophy i n  the  postural muscles a f t e r  22 and 30 days of 
restricted mobility. Only a f t e r  m o r e  prolonged hypokinesia were there 
indicat ions of decreased amplitude of a s ingle  contractitm and te tan ic  
contractions i n  the  soleus ( a f t e r  90 days) and extensor digitoorum longus 
( a f t e r  120 days), and decreased resis tance to fat igue i n  the  soleus 
(preparation of isolated muscle, 120 days). 
changes were noted i n  absolute s t rength (+ per u n i t  mass) i n  the  muscles 
studied. Changes included se l ec t ive  slowing of isometric contractions i n  
preparations of the  soleus and p l an ta r i s  a f t e r  90 and 120 days of 
experimental treatment; increase i n  t i m e  to develop tetanus (to half  of the  
maximum) by 51 and 21%, respectively; and increase i n  half-relaxatitm t i m e ,  
by 31 and 43%, respectively. 
However, during t h i s  period no 
?he "unloading" of the  shoulder muscle i n  rats due to amputation of the  
d i s t a l  t h i rd  of the  forelimb ("amputation" model of hyptdynamia) was 
accompanied by s t a t i s t i c a l l y  r e l i a b l e  decreases i n  the mass of the  medial 
head of the  triceps. 
(XI did not change. 
decrease i n  absolute strength. No e f fec t s  were seen i n  the  s t rength 
charac te r i s t ics  of the  brachial  muscle. The cont ra la te ra l  leg, on the  other  
hand, showed a s t a t i s t i c a l l y  s ign i f icant  decrease i n  the  amplitude of 
tetanus and absolute s t rength of the brachial  muscle. 
Mass of the f lexor  brachial  muscle i n  the  operated leg 
The medial head of the  t r i ceps  muscle also displayed a 
Contract im t i m e  i n  the  medial head of the t r i ceps  i n  the amputated leg 
accelerated; the  t i m e  to achieve half-maximum relaxat ion a f t e r  a t e t an ic  
contrac t im decreased; and "functional mobility" increased. On the other  
hand, a s t a t i s t i c a l l y  r e l i a b l e  "slowing" w a s  noted i n  contractions of 
preparations of the brachial  muscle both i n  the  amputated and, to a more 
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pronounced extent,  t he  cont ra la te ra l  leg. Both legs  exhibited a decrease i n  
the  contract ion rate i n  smcxoth tetanus. 
The con t r ac t i l e  propert ies  of glycerinized muscle f i b e r s  confirmed that 
t h e i r  react ion to unloading ("tail suspension" m o d e l ,  22 days) was also 
highly se l ec t ive  and dependent on the functional p r o f i l e  of the  fibers. A 
s t a t i s t i c a l l y  s ign i f i can t  loss of muscle was noted only i n  the soleus and 
m e d i a l  head of the  tr iceps.  The soleus also showed a m o r e  s ign i f icant  
decrease i n  the  mean diameter of  fibers. A l l  the  muscles studied showed a 
decrease i n  the s t rength of isometric contract ion of f ibe r s  which was 
s t a t i s t i c a l l y  reliable i n  the soleus and medial head of the  tr iceps.  The 
soleus exhibited a weak tendency toward a faster contraction. 
Thus, t h i s  research attests to qual i ta t ive ly  d i f f e r e n t  trends i n  the  
physiological responses to hypokinesia (maintenance i n  cramped cages) and 
hypdynamia (elimination of  loading on the  muscle by amputation or t a i l  
suspension) i n  the  postural  ske l e t a l  muscles of rats. The hypodynamia model 
affects the  postural muscles i n  a manner phenomenologically ident ica l  to the 
effects of weightlessness on those same muscles. These functional changes 
observed i n  the  unharmed postural muscles i n  the  hypodynamia model have been 
observed i n  other  models of postural  muscle inactivation. Restructuring i n  
the  myosin isoenzyme spectrum similar to t h a t  occurring under weightlessness 
was also observed a f t e r  hypdynamia treatments of  postural  muscles. 
The author argues t h a t  the e s sen t i a l  fac tors  i n  the  s i t ua t ions  described are 
gravi ta t iona l  unloading (of the  muscles and el iminat ion of t he  tonic 
component of movement. 
that ,  when both fas t -  and slow-twitch muscles are subjected to inact ivat ion,  
t he  latter show grea te r  changes i n  speed charac te r i s t ics .  
function of the  hindlimbs is eliminated, the  soleus muscle is m o r e  s ens i t i ve  
than the extensor digitorum longus. When the d i s t a l  portion of the  forelimb 
is amputated, the  postural muscle of  the  shoulder ( m e d i a l  head of the  
triceps) reacts analog<ously, while the  mass and s t rength propert ies  of the  
f lexor  brachial  muscle show v i r t u a l l y  no changes i n  the  amputated leg. 
A qua l i t a t ive ly  d i f f e ren t  set of symptoms is observed i n  the postural 
muscles of animals subjected to a long period of restricted mobility: m i l d  
atrophy w i t h  a s l i g h t  increase i n  r e l a t i v e  mass of the  muscles, decrease i n  
amplitude of tetanus without changes i n  the ratio between + and muscle 
m a s s ,  and s l o w e r  contraction and relaxati tm i n  tetanus. 
In  a l l  probabili ty,  it is f o r  precisely t h i s  reason 
When the  support 
When animals are maintained i n  cramped cages, Le., under conditions t h a t  
are commonly ca l led  hypokinesia, inact ivat ion of  postural muscles i n  rats 
evidently does not occur, especial ly  during the first month of exposure. On 
the contrary, da ta  attest to an increase i n  the  m o t o r  a c t i v i t y  of the  
animals during this t i m e ,  accompanied by s igns of pituitary-adrenal system 
ac t iva t ion  and other  manifestations of stress. 
Slower contractions of i so la ted  soleus and p l an ta r i s  muscles, while absolute 
muscle s t rength remains the  same (soleus) , cor  increases (plantar is)  a f t e r  
longer periods of hypokinesia (90, 120 days), can be considered a spec i f i c  
biomechanical e f f e c t  of  t h i s  model. These e f f e c t s  may be induced by 
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increased loading on the extensors of the fcxk (when the  animals are 
maintained i n  cramped cages, the  ankle jo in t  is usually flexed backward). 
Because the  e f f e c t  of hypokinesia on postural muscles was unexpected, 
author attempted to ver i fy  the  r e s u l t s  by a r t i f i c i a l l y  imposing tonic  
act ivat ion on the muscles by subjecting the animals to long-term exposure to 
acceleration (centrifugation) . Isolated muscles and f ibe r s  were studied 
a f t e r  exposure to acceleration of +2Gx, and +1.03Gx (single f ibe r s  only). 
the 
Acceleration leads to a se lec t ive  increase i n  the  s t rength and work capacity 
of extensor muscle f ibe r s  performing an ant igravi ty  function (medial head of 
the  t r i ceps  and soleus),  a t t e s t i n g  to the  s igni f icant ly  greater  functional 
loading on them than on the  f lexor  muscles (extensor digitcorum longus and 
brachial  muscle). 
Comparing r e s u l t s  obtained from animals i n  the t w o  experimental groups 
accelerated a t  2- and 1 . 0 3 ~ ~  showed t h a t  seemingly functionally ident ica l  
postural  muscles -- so leus  and m e d i a l  head of the triceps -- reacted 
d i f f e ren t ly  to the  experimental conditions. 
changes only a t  an accelerat ion of +2G,, while changes i n  the con t rac t i l e  
propert ies  of the medial head of the t r i ceps  were s t a t i s t i c a l l y  s ign i f icant  
and i n  the s a m e  d i rec t ion  i n  rats exposed to both accelerations. This may be 
explained by the  morphofuncticonal and biomechanical cha rac t e r i s t i c s  of the  
medial head of the  triceps. 
speed of contraction makes it a fast-twitch muscle and, according to data 
obtained earlier, it contains predominantly ER f ibers .  The higher 
s e n s i t i v i t y  to acceleration of the  medial head of the  triceps may r e s u l t  
from its locat ion i n  the forelimbs which i n  rats are comparatively m o r e  
ac t ive  i n  highly d i f fe ren t ia ted  movements. This muscle also showed a unique 
pat tern of changes a f t e r  space f l igh t .  Changes i n  s t rength and work capacity 
were v i r t u a l l y  ident ica l  i n  d i rec t ion  and magnitude to those txcurring i n  
the soleus muscle, while changes i n  speed of contraction were i n  the  same 
di rec t ion  as those i n  the  brachial  muscle -- the  fast-twitch muscle of the  
forelimbs. 
The so leus  muscle underwent 
Although an active ant igravi ty  muscle, its 
The author argues t h a t  the  main reasons for  adaptive changes i n  the postural  
muscles of rats i n  space f l i g h t  a r e  t h e i r  unlmding and a d e f i c i t  i n  the  
tonic component of movement due to weightlessness. 
fast-twitch muscles under these conditions is mediated by behavioral 
adaptation and may be due to inclusion of these muscles i n  uncharacterist ic,  
tonic  a c t i v i t y .  
The react ion of the  
Changes in Motor Unit Structure and Activity 
The t h i rd  group of experiments was directed a t  verifying t h a t  the  new 
functional propert ies  of muscles a r i s ing  through adaptation to long-term 
changes i n  the  biomechanical environment and may be maintained when mo 
longer appropriate a f t e r  previous conditions of m o t o r  a c t i v i t y  are restored. 
In  these experiments various manifestations of m o t o r  a c t i v i t y  i n  animals 
were studied a f t e r  exposure to various models en ta i l ing  disuse of the  m o t o r  
system, using a device fo r  i n  vivo recording of the  mechanical propert ies  of 
the a m t r a c  t ions  of individual muscles (dynamomyogram) i n  dogs. 
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Biomechanical and kinema tic charac te r i s t ics  of movements were also studied. 
Hypokinesia i n  dogs w a s  created using a system of r e s t r a i n t s  t h a t  prevented 
the  animal from moving i n  space, but  allowed it to "ch(x)se" one of three 
positions ("standing," "sit t ing," "lying") and enabled recOKding of 
spontaneous m o t o r  act ivi ty .  A m t d e l  of hypdynamia w a s  created by encasing 
one hind limb i n  p las te r  with the  knee a t  an angle of 150° and the ankle i n  
a posi t ion of p lan tar  flexion. 
The dynamic charac te r i s t ics  of muscle contraction and movement were studied 
while the animals were performing a series of functional tests. Parameters 
recorded during the tests were used to compute parameters of muscle 
a m t r a c t i o n  i n  a s ingle  locomotive cycle i n  the muscles of the hind limbs 
(gastrtxnemius, t i b i a l i s  anter ior ,  p lan tar i s ,  and quadriceps). 
The results of t h i s  research i l l u s t r a t e  tha t ,  desp i te  differences i n  the 
biomechanical charac te r i s t ics  of the  models of muscle inact ivat ion used on 
dogs, they a l l  lead to s o m e  res t ructur ing of the  p h y s i o l q i c a l  
charac te r i s t ics  of muscles, which show symptoms of functional insufficiency. 
This is accompanied by disorganiza t im of movements manifested through: 
unstable g a i t ,  increased rate of l(xxmotion, lengthening of the  period of 
support; increased amplitude and rate of v e r t i c a l  displacements i n  the  
d i s t a l  j o i n t  of the  hind limbs; and disproportionate increase i n  the  energy 
of b ie lectr ic  a c t i v i t y  of muscles. I t  should be noted tha t  analogous 
changes i n  kinematics and biomechanics of ltxomotion have been observed i n  
humans a f t e r  space f l i g h t  and long-term bed rest. In accordance with the  
hypothesis under discussion, it might be assumed tha t  the m o t o r  disturbances 
t x u r r i n g  a f t e r  space f l i g h t  r e s u l t  from d i f f e ren t  rates of recovery f o r  the 
fast and s l o w  muscles. In  other  words, (XI re turn  from space, or, i n  
analogous s i tua t ions ,  operative control  of movement re turns  to its previous 
node but must act (XI muscles t h a t  still re t a in  t h e i r  newly acquired, i n  t h i s  
case "space-adapted" functional prof i les .  
The results obtained reconfirm the  f a c t  t h a t  the con t rac t i l e  properties of 
the  s k e l e t a l  muscles are highly changeable or dynamic under conditions of 
weightlessness, as w e l l  as i n  other  s i t ua t ions  w h e r e  the functional 
requirements (XI the  muscles ("external input") a l ter  subs tan t ia l ly  due to 
changes i n  the required movements. 
It  ha5 been found t h a t  the con t rac t i l e  properties of s k e l e t a l  muscles with 
d i f f e ren t  functions are transformed under experimental conditions, including 
space f l i g h t ,  i n  strict accordance with changes i n  the  external  mechanical 
requirements i m p o s e d .  The author suggests t h a t  these restructur ings involve 
mtoneurons . 
After 60 days of hypokinesia when r e l i ab le  differences occur i n  various 
muscle groups of rats, electrophysiological t e s t ing  of motoneurons 
established t h a t  the  previous general  increase i n  exc i t ab i l t y  of motoneurons 
of the sp ina l  cord begins to be different ia ted.  Exci tab i l i ty  decreases i n  
the  extensor ptx& while fea tures  of s t ab le  hyperpolarization are retained 
i n  motoneurons of the  f lexor  muscles. Under the  same treatment and a f t e r  
approximately the same pericd of t i m e ,  cytochemical s tud ies  revealed s igns 
of atrophy i n  nerve cells i n  the  sp ina l  cord. Absolute and r e l a t i v e  leve ls  
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of RNA and proteins  decreased. 
cells of the  sp ina l  cord and cerebellum of rats flown on COSMOS 
b iosa t e l l i t e s .  
Analogous changes were observed i n  nerve 
Turnover of wa ter-soluble proteins  i n  the motoneurons of the  lumbar sp ina l  
cord also shif ted,  suggesting t h a t  functional a c t i v i t y  w a s  depressed. 
Immediately a f t e r  reentry and during the readaptation peritd, clear s igns of 
protein m e t a b o l i s m  act ivat ion were observed i n  the  motoneurons. 
proteins and RNA i n  the  large neurons of the  sp ina l  cord ganglia also 
decreased. 
Levels of 
The author believes that the  immediate cause of such s h i f t s  may be 
restructur ing of the  nature and amount of a f fe ren t  nerve act ivi ty .  A d i r e c t  
consequence of such changes i n  the  functional state and metabolism of 
motoneurons may be mcdif ied neurotrophic e f f e c t s  on the  muscles. 
of the  way information is transmitted from motoneuron to muscle may be 
s ignif icant .  This conclusim is supported by the  s t ruc tu ra l  changes i n  
nerve terminals and neuromuscular junctions observed i n  rats a f t e r  space 
f l i g h t  . 
Thus, the  neurotrophic factor  may cause s k e l e t a l  muscle reprcwramming by 
i n i t i a t i n g  the  synthesis of con t r ac t i l e  and sarcoplasmic proteins. 
constant degradation and renewal of these proteins  creates an unstable 
equilibrium among the protein components of the muscle, which ad jus t s  the 
myosins and other protein const i tuents  i n  every muscle to f i t  environmental 
requirements. The rate of change of the  neurotrophic system is l i m i t e d  by 
the turnover rate of con t r ac t i l e  proteins. 
i n  the  cardiac muscle and s l o w -  and fast-twitch s k e l e t a l  muscles. The 
turnover rate of various sarcoplasmic proteins  can also vary within the  same 
muscle fiber. This may be the  source of the  heterochronicity i n  changes i n  
protein and enzyme complex m e t a b o l i s m  i n  muscles, especial ly  i n  response to 
various m t x l e l s  of muscle inactivation. . 
Alteration 
The 
The turnover rate is d i f f e ren t  
Unlike the neurotrophic control  system, the  f a s t  response system of m o t o r  
and postural control,  adapts quickly. 
systems of immediate ("operative") and s l o w  ("conservative") adaptation to 
weightlessness. The f i r s t  subsystem accounts fo r  the  almost instantaneous 
red is t r ibu t ion  of postural muscle a c t i v i t y  i n  weightlessness. 
manifested toward the end of a 7-day space f l i g h t  by loss of 
ant ic ipatory a c t i v i t y  i n  cer ta in  muscles t h a t  were previously cri t ical  to 
maintaining psture. 
also dependent (m neurotrophic processes, which are manifested a t  the 
neuromuscular as w e l l  as interneuronal ( in t racent ra l )  levels. 
This system can i t s e l f  be subdivided i n t o  
The second is 
The secomd type of postural adaptation is probably 
I t  has not  been ruled out  t ha t  interact ion of the  operative and homeostatic 
regulation a>ntours,  fo r  example when adapting to new conditions of m o t o r  
ac t iv i ty ,  occurs i n  a continuum of regulatory subsystems (neuroref lexive, 
neurohormonal, neurotrophic), which d i f f e r  from each other  with respect to 
the t i m e  range required (from milliseconds to days and weeks) to es tab l i sh  the 
new equilibrium. 
structure or functions tha t  these subsystems w i l l  regulate. 
However, there  is overlap between the  parameters of muscle 
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In summary, t he  sens i t i v i ty  of the  skeletal muscles i n  m a m m a l s  to changes i n  
the  magnitude of the  grav i ta t iona l  
reaction to weightlessness is systemic i n  nature ,  but  its manifestations i n  
d i f f e ren t  muscles depend (XI the extent  to which each muscle participates i n  
ant igravi ty  ac t iv i ty ,  i ts functional and metabolic prof i le ,  and the nature 
of the  changes i n  spec i f ic  biomechanical requirements. 
f i e l d  is a r e s u l t  of evolution. The 
The g rea t e s t  s e n s i t i v i t y  to weightlessness is noted i n  the ant igravi ty  
muscles. Judging from the  results of research, t w o  types of adaptive 
react ions occur i n  these muscles i n  space f l igh t :  disuse atrophy and 
restructur ing of the functional and metabolic p ro f i l e s  of ce r t a in  fibers.  
I t  has been w e l l  established tha t  both types of adaptive reactions are 
ac t ive  processes and involve the  nervous system. 
In postural muscles, these adaptive changes are caused by the  e f f e c t s  of 
weightlessness and are induced by a d i r e c t  decrease i n  grav i ta t iona l  loading 
(XI the  muscles and a d e f i c i t  i n  the  tonic  component of movement. 
functional manifestations of changes i n  the fast-twitch f lexor  muscles 
evidently r e s u l t  from behavioral adaptation of animals to the  whole set of 
space-flight fac tors  and are appropriate to the  new ctmditions for  movement. 
Adaptive changes i n  the  postural and f lexor  muscles are reversible  a f t e r  
f l i g h t s  l a s t ing  up to 22 days. 
The 
The described e f f e c t s  of space f l i g h t  and simulation m d e l s  (XI the  s k e l e t a l  
muscles are mediated by neurotrophic fac tors  which control  the  state of 
muscles. I t  is hypothesized tha t  the  slow-acting homeostatic aontours t h a t  
regulate  the  structural/functional organization of muscles ''ad just' ' t h e i r  
profile according to the changing requirements of the  external  "mechanical 
field." This capacity is inherent i n  the dynamic organization of protein 
and energy m e t a b o l i s m  of the  muscles. Gravity-dependent changes observed i n  
skeletal muscles are a special case of t h e i r  functional f lex ib i l i ty .  
Adaptive changes associated with the  slow-acting control  system are 
conservative i n  principle, as are its recovery mechanisms. For t h i s  reason, 
when there is a sudden drastic change, for example, f r o m  one leve l  of 
gravi ty  to another and back, adap ta t im  of the skeletal muscles to each 
of these changes does not occur immediately. 
There is reason to believe t h a t  adaptive changes i n  skeletal musculature 
developing i n  space f l i g h t  ( i n  the absence of prophylactic measures), may be 
one explanation for the  motor disturbances ( m u r r i n g  during the  readaptation 
peritd. 
neurotrophic remodeling of s t ructural / funct ional  cha rac t e r i s t i c s  and the  
operative requirements imposed by the environment. 
The recovery pr txess  c m l d  be marked by a lack of synchronism between 
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s c i e n t i f i c  conference on "Neural control of the s t ruc tu ra l  and functional 
organization of muscles" (Repino, 1984), devoted to the problem of 
neurotrophic influences regulating the a c t i v i t y  of physical-chemical and 
morpholcqical charac te r i s t ics  of muscle units. 
mechanisms f o r  which neurotrophic control  of individual compnents of the  
neuromuscular system is presented and analyzed. 
disrupted neurotrophic control  on muscle functioning, including disease and 
weightlessness, are considered. Control of muscle proprioceptive receptors 
is discussed. 
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Abstract: This work is devoted to a formal analysis  of individual 
differences i n  subject ive sens i t i v i ty  thresholds and l a t e n t  periods i n  the 
peaks of long-la tency vest ibular  evoked poten t ia l s  recorded under exposure to 
threshold acceleration. Sens i t iv i ty  thresholds and la tenc ies  were recorded 
by unspecified methods i n  a total of 18 healthy individuals: s e n s i t i v i t y  was 
studied i n  12,  evoked poten t ia l s  i n  17, and both functions i n  11. Subjects 
were exposed to l inear  acce era t ion  upward, the  mean magnitude of which 
s a m e  or d i f f e ren t  days) and a total  of 120 trials were run. 
analysis  was performed cn the  data. 
varied f r o m  0 to 20 cm/sec 3 . Each subject  was tested repeatedly (on the 
S t a t i s t i c a l  
Individual var ia t ions  i n  the s e n s i t i v i t y  thresholds were as follows: 1) 
threshold of nondiscriminating sens i t iv i ty ,  Le., the  accelerat ion f o r  which 
a subject  senses motion but  camot ident i fy  d i rec t ion ,  (Tl)  ranged from 4.7 
to 12.7 cm/sec2, mean 8.3 cm/sec3; 2) threshold of inverted sens i t i v i ty ,  
where sensed d i rec t ion  is opposite to ac tua l  d i rec t ion  of  motion (T2), 
ranged from 6.3 to 16.9, mean 12.2 c m / s e c 2 ;  3) threshold of discriminated 
motion, where subject  i den t i f i e s  d i rec t ion  cor rec t ly  (T3) ranged from 7.7 to 
22.4, mean 17.7 cm/sec2. Individual coef f ic ien ts  of var ia t ion  (error of the 
mean divided by mean) varied f r o m  0 to 32% f o r  T1, from 1.9 to 24.6% f o r  T2, 
and f r o m  0.5 to 20.9% f o r  T3. Inter individual  var ia t ion  w a s  1.5, 0.8, and 
1.9 t i m e s  t h a t  of intraindividual  variation, f o r  T1, T2, and T3, 
respectively. Threshold of evoked poten t ia l  f o r  various individuals  ranged 
f r o m  3.8 to 7.6%. The mean coef f ic ien t  of var ia t ion  ranged from 0 to 39.5%. 
Rat io  of in te r -  to intraindividual  v a r i a b i l i t y  w a s  2.7. Relationships 
between magnitude of accelerat ion and latency of the three peaks ( t w o  
pos i t ives  arid an intervening negative) character iz ing an evoked poten t ia l  
were computed i n  each of the s e n s i t i v i t y  threshold ranges. 
The authors come to the  following conclusions: 
1. When the amplitude of a ves t ibu lar  st imulus a t  threshold l eve l  
increases, human subjects  experience d i f f e ren t  sensations and thresholds of 
sens i t iv i ty ,  with progressive increase i n  the  range of  accelerat ions i n  
which the  sensory phenomenm and ves t ibu lar  evoked poten t ia l  occurs. 
g rea t e s t  s t a b i l i t y  
var iab i l i ty )  oxcurs f o r  the threshold a t  which reverse  motion is 
The 
( l o w e s t  r a t io  of intergroup v a r i a b i l i t y  to intragroup 
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experienced (T2) and the g rea t e s t  individual i ty  (highest value of above 
r a t io )  occurs for the  threshold of accurate perception of motion d i rec t ion  
(T3) 
2. A s  acceleration increases i n  magnitude, the  ratio between in te r -  and 
intraindividual  differences i n  l a t e n t  perids of evoked poten t ia l  peaks 
decreases. 
3. Individuals can be c l a s s i f i ed  i n t o  groups (x1 the  basis  of l o w ,  
intermediate, or high v a r i a b i l i t y  i n  the  latency of vest ibular  evoked 
poten t ia l  peaks; those with intermediate v a r i a b i l i t y  are m o s t  numerous. 
4. The latency perids of peaks of vest ibular  evoked poten t ia l s  are higher 
i n  individuals who show higher va r i ab i l i t y  i n  these latencies.  
5. A group was ident i f ied  which showed l o w  values fo r  the  latency periods of 
vest ibular  evoked poten t ia l  peaks. These subjects showed elevated 
v a r i a b i l i t y  i n  the negative peak of evoked potent ia l ;  t h i s  peak normally 
shows least var iab i l i ty .  
Table 1: Var iab i l i ty  of l a t e n t  pericds of vest ibular  evoked poten t ia l  peaks 
i n  subjects  i n  d i f f e ren t  groups 
Table 2: Changes i n  the s t r u c t u r e  of va r i ab i l i t y  of la tencies  of vest ibular  
evoked poten t ia l  peaks as stimulus increases i n  various groups of subjects 
Table 3: Changes i n  the s t ruc ture  of va r i ab i l i t y  of l a t e n t  perids of peaks 
i n  vest ibular  evoked poten t ia l  as a function of magnitude of acceleration 
i n  various groups of subjects  
Table 4: Distr ibut ion of groups of subjects,  absolute values of peaks, 
individual and inter individual  c w f f  i c i en t s  of var ia t ion  as a function of 
leve l  of accelerat ion 
Table 5: Distr ibut ion of groups of subjects,  absolute values of peaks, 
individual and inter individual  coef f ic ien ts  of var ia t ion as a functitxl of 
subjective sensation 
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Neurophysiolcgy , Motion Sickness , Induced 
Humans 
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Abstract: I t  has been demonstrated t h a t  use of multichannel biofeedback 
(Le, simultaneously providing informatitm about a number of autonomic 
parameters) can be used to increase tolerance fo r  s i tua t ions  inducing 
motion sickness i n  individuals (p i lo t s )  with r e l a t ive ly  high leve ls  of 
vest ibular  tolerance. The present experiment tested the  e f f e c t s  of less 
cumbersome monochannel biofeedback (information provided only (XI skin 
temperature and conductivity) i n  individuals with l o w  or average 
vest ibular  tolerance. Of the  27 subjects,  22 had average vest ibular  
tolerance (mean tolerance fo r  motion sickness inducing treatment 4-6 
minutes) and 5 had low tolerance (mean tolerance t i m e  2-3 minutes). [Motion 
sickness induction is called "standard" but not fur ther  described; evidently 
rotation.] Skin resis tance and skin temperature were selected as 
biofeedback parameters because they change i n  a regular  fashion as motion 
sickness symptoms develop. 
par t ic ipated i n  a total of 1 2  15 - 20 minute biofeedback t ra ining sessions, 
three sessions each were devoted to learning how to raise and l o w e r  each of 
the  parameters. Subjects w e r e  selected fo r  inclusion i n  the  study who had 
mastered techniques for  voluntar i ly  regulating skin resis tance by +5 kOhms 
and temperature by 25(' C. In  the f i r s t  condition, subjects  were gi:en a 
biofeedback session immediately before the  beginning of rotatim i n  which 
they spent 15 minutes attempting to a f f e c t  me of the parameters. 
were instructed before ro ta t ion  t h a t  they were to attempt 
parameter during the  in te r ro ta t ion  in te rva ls  and to raise it to baseline 
value using s k i l l s  developed through biofeedback. 
w a s  rot avai lable  during rotation. In  the second condition, no preliminary 
biofeedback sessions were given. The biofeedback s igna l  was made avai lable  
5 minutes before ro ta t ion  and remained on u n t i l  the  end of the  experiment. 
V e r b a l  ins t ruct ions were ident ica l  to those i n  condition 1. An American- 
made biofeedback device (Autogen) was used i n  which changes i n  the pi tch  of 
a stxlnd corresponded to changes i n  the  l eve l  of the targeted parameter. 
Each condition included f i v e  ro ta t ion  sessions. The f i r s t  was devoted to 
determining i n i t i a l  vestibular-autonomic tolerance, and the  f i f t h  to 
determining leve l  of adaptation to repeated exposures. Sessions 2 and 4 were 
used to evaluate effectiveness of use of biofeedback to decrease motion 
sickness. In  session 3, subjects were asked to perform mental a r i thmet ic  as 
a control  f o r  the  mental a c t i v i t y  involved i n  the  biofeedback procedure. R> 
assess the  importance of the  individual difference variable,  subjects  with 
varying i n i t i a l  vest ibular  tolerance were compared a f t e r  each subject 
par t ic ipated i n  a s ingle  5- t r ia l  cycle. R> compare the t w o  types of 
biofeedback, individuals with average tolerance par t ic ipated i n  one cycle 
each of the  t w o  biofeedback conditions with the t w o  sessions separated by 7 
days. Four experiments were run. In  experiment 1, biofeedback condition 1 
was used <XI e igh t  subjects  with average tolerance);  i n  experiments 2 and 3 
Before the  experiment began a l l  subjects 
Subjects 
to s t a b i l i z e  the  
The biofeedback s ignal  
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the second biofeedback condition was run on 9 and 5 individuals with average 
tolerance, respectively; i n  experiment 4 the  biofeedback condition 2 was 
used (n 5 subjects  with l o w  tolerance. Parameters recorded included skin 
resis tance and temperature, respirat ion rate and i n h a l a t i m  amplitude, hear t  
rate, galvanic skin response (GSR) and b k x d  pressure. 
When the  f i r s t  type of biofeedback was used, changes i n  tolerance of various 
ro ta t ion  cycles depended cn which parameter was being regulated. 
temperature was regulated, no change i n  tolerance resulted. However, when 
the parameter w a s  skin resistance,  tolerance increased s ignif icant ly .  When 
the second biofeedback conditicm was used, tolerance increases were more 
pronounced. Subjects f e l l  i n t o  t w o  subgroups: i n  3 subjects,  regulation of 
skin temperature led to an increase of tolerance amounting to 90-150% of 
baseline value; i n  5 subjects  regulation of skin temperature had m, e f f e c t  
on tolerance. When skin res i s tance  was the  regulated parameter both groups 
displayed 
U s e  of the  second biofeedback mmdi t im was s igni f icant ly  d i f f e ren t  f o r  
subjects with l o w  and average i n i t i a l  tolerance. 
s ign i f icant ly  increased tolerance i n  those with average tolerance, there  was 
TX> s igni f icant  e f f e c t  tn l o w  tolerance subjects. 
be highly associated with the  e f f e c t s  of biofeedback (XI tolerance. When 
tolerance increased, GSR was typically significantly lower than baseline 
during the  rotation. Subjective ra t ing  of motion sickness symptoms also 
accorded w e l l  with ac tua l  increases i n  tolerance t i m e .  
When skin 
marked increase i n  tolerance amounting to 50-150% of baseline. 
While use of biofeedback 
Values of GSR appeared to 
' 
Table : Effects  of biofeedback on vestibular-autonomic tolerance 
Figure 1: Effec ts  of biofeedback ccmdition 1 on vestibular-autonomic 
tolerance 
Figure 2: Effec ts  of biofeedback condition 2 on vestibular-autonomic 
tolerance 
Figure 3: Comparative e f f e c t  of the  use of biofeedback condition 2 on 
ro ta t ion  tolerance of subjects  d i f fe r ing  i n  i n i t i a l  vestibular-autonomic 
tolerance 
Figure 4: Effec ts  of biofeedback on (XI severi ty  of motion sickness symptoms 
i n  individua Is with average vestibular-autonomic tolerance 
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Neurophysiology, Telencephalon, Synapses 
Rats 
Space Fl ight  Factors, Radiobiology, Ionizing Radiation, Head, Acceleration, 
Vibration, Microwaves, Hyp)xia, Hyperoxia 
Abstract: 
s ingle  and combined space f l i g h t  fac tors  cm synapses i n  various 
s t ruc tures  of the  telencephalon. 
sensorimotor cortex, caudate nucleus and hippcampus. These s t ruc tures  are 
associated with voluntary and ref lexive m o t o r  acts and with memory and 
behavior i n  ra t s .  Factors considered included hypoxia, hyperoxia, 
vibration, super high frequency f i e lds ,  and ionizing radiation. Subjects 
were 280 W i s t a r  rats exposed to a number of space f l i g h t  fac tors  e i the r  
alone or i n  combination with gamma i r r ad ia t ion  of the  head i n  doses of 10, 
50, and 200 Gy a t  a dose rate of 12  cGy/sec. Before, during, and a f t e r  
i r rad ia t ion ,  the  i r r ad ia t ion  chamber was vent i la ted with ordinary air, a 
hypoxic gas medium (8% oxygen), or pure normobaric oxygen a t  a rate of 8 
l/min. Duration of exposure to the  a l te red  atmosphere e i t h e r  separately or 
i n  combination with a radiat ion dose of 10  Gy was 6 min, with radiat ion dose 
of 50 Gy -- 18 minutes, or with radiat ion dose of 200 Gy - 55 minutes. Under 
a l l  conditions, concentrat im of carbm dioxide never exceeded 0.39,. 
E 
Before i r r ad ia t ion  or immediately a f t e r ,  s o m e  subjects  underwent +G 
acceleratim of 5-G f o r  2.5 minutes, vibrat ion a t  a rate of 8 m / s e c  a t  the  
frequency of 80 Hz (to which the cent ra l  nervous system is m o s t  sens i t ive) ,  or 
to microwave i r r a d i a t i m  (2.45 GHz) with p o w e r  densi ty  of 300 mW/cm2 f o r  20 
seconds. The in t e rva l  between exposures was 15 minutes. Animals  exposed to 
a s ingle  fac tor  w e r e  sacr i f iced  1.7 hours a f t e r  exposure, while those 
exp)sed to a fac tor  combined with i r r ad ia t ion  were sacr i f iced  1.7 hours 
after the  latter. Brain samples were fixed for electron microscopy by 
i n f i l t r a t i o n  i n  a 2.5% solut ion of glutaraldehyde on a 0.2 M co l lo id  buffer, 
f a c i l i t a t i n g  rapid pene t r a t im  of the  brain. Additional f i x a t i m  occurred i n  
a 1% solut ion of o s m i c  acid, then the  t i s sue  w a s  dried i n  ethanol and the 
t i s sues  samples f r o m  the  sensorimotor cortex - field ETa and Fpp; 
hippxampus - cellular layer  of f i e l d  A4; head of the  caudate nucleus) and 
hardened i n  epoxy resin. 
examined with an electron microscope. For each group of subjects,  
experimenters counted the  total number of synapses on the  dendr i t ic  thorns 
(the la rges t  group of interneuronal contacts characterized by high 
r eac t iv i ty  and p l a s t i c i ty )  i n  the  sensorimotor cor tex and determined the 
percentage of those which were unchanged or showed destruct ive or react ive 
changes. S ta tus  of the  remaining interneuronal contacts w a s  evaluated 
visually.  
The goal of t h i s  study was tn evaluate the  e f f e c t s  of exposure to 
Structures  examined include the 
Ultrathin sections were cont ras t  s ta ined and 
I r rad ia t ion  of the  head a t  10 Gy had TX) s igni f icant  e f f e c t s  cm the  
s t ruc tures  studied. 
contacts i n  these s t ructures ,  but  s o m e  changes, swelling of presynaptic 
btxltons and changes i n  numbers of vesicles ,  did (xcur. 
considered reversible  changes. 
axodendritic synapse of the cerebral  cortex showed swelling, electron-dense 
I r r a d i a t i m  of 50 Gy did not a f f e c t  the  majority of 
These are 
The highly l a b i l e  s t ruc ture  of the  
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inclusions, disor ientat ion,  and even disintegration. Membranes of 
postsynaptic structures proved highly r e s i s t a n t  to t h i s  factor. 
synapses w i t h  destruct ive changes (especially, of the l i g h t  type and focal  
degeneration) were common. 
typical cerebral  syndrome developed. 
could be c l a s s i f i ed  as degeneration of the  l i g h t  type. The m o s t  l a b i l e  were 
the synapses (XI dendr i t ic  thorns. In  the sensorimotor cortex only 28% 
retained t h e i r  normal ul t ras t ructure .  Short-term hypertoxia had no 
s igni f icant  e f f e c t  (XI the synaptic structure.  Interact ion 
between hyperoxia and r a d i a t i m  depended on dose of  the latter and 
sequence of exposure to the t w o  factors. When hyperoxic exposure 
occurred a f t e r  r a d i a t i m  i n  a dose of 200 Gy, the changes w e r e  m o r e  severe 
and common than when e i the r  fac tor  was applied alone. 
cha rac t e r i s t i c  e f f e c t  of t h i s  combination was rapid dis integrat ion of 
s t r u c t u r e s  with the formation of myelin f igures  and membrane complexes i n  
presynaptic and postsynaptic elements. Short-term hypoxia alone did have a 
s igni f icant  effect .  Changes found w e r e  mainly functional, but degeneration 
of the  l i g h t  and (less often)  focal type were encountered, especial ly  i n  the  
sensorimotor cortex,  when exposure was 55 minutes i n  duration. 
rad ia t ion  dose w a s  50 and 200 Gy and hypoxia preceded or was accompanied by 
i r rad ia t ion ,  radiat ion e f f e c t s  were attenuated. I r rad ia t ion  a t  200 Gy 
followed by hypoxia enhanced radiatim damage, espec ia l ly  i n  the 
sensorimotor cortex. Vibration l a s t ing  1 hour a t  800 Hz w a s  associated with 
a number of apparent reac t ive  changes: increased osmophilia of the  pre- and 
postsynaptic elements plus  an increase of osmophilic material i n  the  
synaptic c l e f t .  I r r a d i a t i m  a t  1 0  and 50 Gy preceded by v i b r a t i m  revealed no 
differences from i r r ad ia t ion  alone. However, when vibrat ion was combined with 
i r r ad ia t ion  a t  200 Gy or followed the  l o w e r  doses, r ad ia t i t n  e f f e c t s  were 
enhanced. 
brain structures.  
homqeneoous i n  s ize ,  shape and txmophilia than a f t e r  exposure to other  factors. 
When accelerat ion preceded i r r ad ia t ion  a t  50 Gy [apparently the  only l eve l  
of i r r ad ia t ion  combined with acceleration] a clear antagonis t ic  e f f e c t  was 
revealed (Le, e f f e c t s  of i r r ad ia t ion  alone w e r e  attenuated) ; when the  
temporal sequence of these fac tors  was reversed, a synerg is t ic  e f f e c t  was 
ftxmd. 
synapses. 
only dose used), radiat ion e f f e c t s  were attenuated. 
combined i n  the reverse order, rad ia t ion  damage was intensified.  
However, 
When i r rad ia t ion  dose increased to 200 Gy a 
The majority of changes i n  synapses 
The m o s t  
When 
Acceleration induced only react ive changes i n  the synapses of the  
A l l  vesicles ,  even i n  altered synapses, were more 
Microwave r a d i a t i m  alone did not induce s ign i f i can t  changes i n  
I f  electromagnetic i r r ad ia t ion  preceded gamma i r r ad ia t ion  (50 Gy 
I f  the  fac tors  were 
The authors aonclude t h a t  the  interneuronal contacts  i n  the brain are highly 
sens i t ive  to a number of f l i g h t  factors ,  especial ly  high doses of ionizing 
radiat ion and hypoxia. Synapses, on the other  hand, are highly r e s i s t a n t  
to short-term hyperooxia and microwave radiation. 
factors are combined with ionizing radiation, changes i n  interneuronal 
contacts depended om dose of r ad ia t i t n  and temporal order of exposure to the  
two factors .  
When other  f l i g h t  
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Table 1: Changes i n  axospine synapses i n  the  sensorimotor cor tex 1.7 hours 
a f t e r  exposure to a fac tor  ( i n  %) 
Factor 
I r r a d i a t i m  of the  head: 
10 Gy 
50 Gy 
200 Gy 
Hypoxia 
Hyperoxia 
Acceleration 
Vibration 
Electromagnetic f i e l d s  
60.5 
39.8 
28.4 
51.2 
62.5 
58.9 
59.9 
62.2 
29.4 
36.2 
39.6 
32.1 
26.6 
26.5 
28.9 
27.3 
Degenerative 
10.1 
24.0 
32.0 
16.7 
10.9 
14.6 
11.2 
10.5 
Control 79.2 15.4 5.4 
Table 2: Nature of the in te rac t ions  between ce r t a in  space f l i g h t  factors on 
the s t a t u s  of synaptic u l t ras t ruc tures  i n  the telencephalon of rats 
FaCtar 
Hypoxia 
before i r r ad ia t ion  
during i r r ad ia t ion  
a f t e r  i r r ad ia t ion  
before i r r ad ia t ion  
during i r r ad ia t ion  
after i r r ad ia t ion  
before i r r ad ia t ion  
a f t e r  i r r ad ia t ion  
Hyperoxia 
Vibration 
Acceleration 
before i r r a d i a t i o n  
after i r r ad ia t ion  
Electromagnetic f ie ld  
before i r r ad ia t ion  
after i r r ad ia t ion  
Test-factors - irradiation of the head, Gy 
10 50 200 
mine 
none 
mine 
+ 
none 
none 
+ 
none 
+ 
- 
+ 
- 
+ 
none 
+ 
+ 
+ 
+ 
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Figure 1: Sensorim,tor cortex a f t e r  i r r ad ia t ion  i n  a dose of 10 Gy 
Focal degeneratitm of the presynaptic elements of vesicles. 
X 80,OO. 
postsynaptic elements; V - vesicle;  M - mittxhmdria.  
Electrtmcqram 
Here and in Figures 2-4, PrS and PS are presynaptic and 
Figurc 2: Sensorimtor  cortex a f t e r  i r rad ia t ion  a t  a dose of  50 Gy. 
Swelling of the presynaptic elements, inhomogeneous degeneration of synaptic 
vesicles ,  d i s in tegra t ion  of presynaptic membrane. Electroncqram X 100,000. 
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Figuye.3: Sensorimotor cortex a f t e r  i r r ad ia t ion  i n  dose of 200 Gy under 
condi t ions  of hyperoxia. 
Membrane complex and postsynaptic region of degenerating synapse. 
Electronogram X 94,000; Mc - membrane axnplex. 
Figure 4 : Sensorimtor cortex a f t e r  exposure to vibration. 
SS - synaptic c l e f t .  
Synaptic c l e f t  f i l led with osmophilic material. Electronogram X 64,000. 
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Neurophysiology, Motion Sickness 
Humans, Males 
Pharmacological Countermeasures , Ebalua t ion  
Abstract: This paper presents a procedure, based on quant i ta t ive changes i n  
c l i n i c a l  symptoms of motion sickness, which the authors developed for  
evaluating the effect iveness  of drugs for  preventing motion sickness. They 
summarize the results of using t h i s  procedure to test effectiveness of drugs 
against  motion sickness induced by prolonged rotation. 
experiment were 26 apparently healthy men, aged 24-45, with heightened 
suscep t ib i l i t y  to motion sickness. 
per minute for  5 hours. The following drugs and doses were studied: 
scopolamine (0.6 mg) , phenkarol (quinuclodyl-3-diphenylcarbinol 
hydrochloride) (50 mg) + ephedrine (25 mg); phenkarol (50 mg) + sydmxarb 
(N-phenylcarbamoyl-3- (beta-phenylisopropyl) -sydonimine) (5 mg) ; pipolphen 
(promethazinehazine hydr<xhloric?e, an antihistamine blocking H1 receptors) 
(25 mg) + ephedrine (25 mg), kavinton (ethyl ester of apotartaric acid, a 
vasodilator used to improve c i rcu la t ion  i n  the brain) (10 mg); kavinton (10 
mg) + scopolamine (5 mg). A l l  drugs were taken o r a l l y  i n  capsules 1 hour 
before ro ta t ion  began, with the exception of kavinton which w a s  taken 3 
times a day fo r  7 days prior to rotation. The e f f e c t s  of the drugs were 
mmpared to those of  a placebo using a amble blind technique. Individuals 
rated the  sever i ty  of motion sickness they were experiencing on a 5-point 
scale (excellent, gcxfi, sa t i s fac tory ,  pcxir, very ptxx). Based on differences 
between ra t ings  before and a f t e r  the  drugs, effect iveness  was rated (XI a 7 
point scale (excellent,  gtxxl, moderately posi t ive,  weakly positive, no 
e f f ec t ,  and negative e f fec t ) .  An individual 's  r a t ing  was called the  
individual coef f ic ien t  of effectiveness.  A drug w a s  considered e f f ec t ive  i f  
an individuals mef f i c i e n t  w a s  moderately pos i t ive  or abtxre, and inef fec t ive  
otherwise. Two values were used to r e f l e c t  the ove ra l l  effect iveness  of the  
drug: mean individual coef f ic ien t  and percentage of subjects for  whom the 
drug was effect ive.  
Subjects i n  the  
Subjects were rotated a t  6 revolutions 
Resul t s  of the  study are presented i n  the  tab le  b e l o w .  
ou t  t h a t  gas t ro in tes t ina l  symptoms of motion sickness should not be used as 
the  sole c r i t e r i o n  fo r  the effect iveness  of a drug as a countermeasure. 
Results based on increases i n  t i m e  elapsed before onset of vomiting led to 
a d i f f e ren t  rank ordering of drugs, with scopolamine being less e f fec t ive  
than the  placebo. 
leads to the  most useful assessment of motion sickness drugs. 
The authors point  
The authors conclude tha t  the  use of t h e i r  prtxedure 
Table 1: Determination of individual m e f  f i c i e n t  of effectiveness 
Table 2: Summary ra t ing  of the  effect iveness  of a drug 
Figure: Histogram of latency of onset of pronounced motion sickness symptoms 
i n  subjects  t reated with pharmacological countermeasures or a placebo 
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Table 3: Comparative effect iveness  of motion sickness drugs 
Parameter R o t a t i a l  -ti= with Drug 
without 1 2 3 4 5 6 7 
vtmi t i ng  50 30.4 11.4 0 20 40 36.4 10 
(5) (3) (1) (4) (7) (6) (2) 
nausea 10 0 78 50 44 60 60 55 20 
(7) (3) (2) (5-6) (5-6) ( 4 )  (1) 
sluggishness 65 48 38 60 20 25 32 28 
(6) (5) (7) (1) (2) (4) (3) 
headache 80 52 62 80 50 54 35 20 
(4) (6) (7) (3) (5) (2) (1) 
Mean rated sever i ty  11.0 9.5 6.8” 6.8 6.7 9.1 5.8* 5.4* 
of sympt<ms (7) ( 4 )  (5) (3) (6) (2) (1) 
Mean effect iveness  - 1.1 2.0 2.4* 2.6* 1.0 2.6* 2.7* 
a>ef f i c i e n t  (6) (5) (4) (3) (7) (2) (1) 
18 45 55 60 20 64 70 Effectiveness of - 
drug, % (7) (5) (4) (3) (6) (2) (1) 
Sum of ranks -- 42 31 30 22.5 38.5 22 10 
Overall rank - VI1 V IV 111 V I  I1 I 
Numbers i n  parentheses r e fe r  to rank ordering of drugs with respect to 
individual criteria; * -- differences between drug and placebo conditions 
s ign i f icant  with p<0.05. - 
1- placebo; 2 - scopolamine (0.6 mg); 3 - pipolphen (promethazine 
hydrtxhloride, an antihistamine blocking H1 recePtOrS) (25 mg) + ephedrine 
(25 mg) ; 4 - phenkarol (quinucltdyl-3-diphenylcarbinol hydrochloride) (50 
mg) + ephedrine (25 mg); 5 - phenkarol (50 mg) + sydmxarb (N-phenylcarbamoyl-3- 
(beta-phenylisopropyl) -sydmimine) (5 mg) ; 6 - kavinton (ethyl ester of 
apotartaric acid,  a vasodilator used to improve c i rcu la t ion  i n  the  brain) (10 
mg) ; 7 - kavinton (10 mg) + scopolamine (5 mg) 
drug (n=26) (n=26) (n=9) (n=5) (n=5) ( ~ 1 1 )  (n=l) 
Frequency of symptm,% 
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Neurophysiolqy , Vest ibular  Receptors, Damage Resistance 
Fish, Amphibians, Larvae, Developmental Biology, Rats 
Space Fl ight ,  COSMIS-782, -936, -1514, -1667 
Abstract: The authors review the l i t e r a t u r e  (XI the  e f f e c t s  of space-flight 
f ac to r s  on vest ibular  regulators. These e f f ec t s  can be divided i n t o  
envirtmmental conditions t h a t  act d i r ec t ly  to s t imula te  the vest ibular  system 
(weightlessness, acceleration, vibration, noise, etc.) and those t h a t  act on 
other organs and t i s sues  to indi rec t ly  a f f e c t  the vest ibular  system (changes 
i n  im  exchange, hormonal changes, etc.) . Results of laboratory experiments 
<XI vest ibular  e f f e c t s  of individual or paired space f l i g h t  fac tors  are 
presented i n  Tables 1, 2, and 3. 
qu i t e  contradictory. 
I t  w i l l  be seen t h a t  these r e s u l t s  may be 
Multiple s tud ies  involved exposure of developing larvae of f i s h  (Fundulus 
he-tercxli t u s  and Brachydanio - rerio and amphibians (Fano -temporaria and 
Xenopus laevis)  to space f o r  2 - 29 days. A t  launch larvae were a t  
d i f f e ren t  s tages  of vest ibular  development. 
board or returned to ea r th  and studied i n  the laboratory. Analysis 
techriiques included: l i gh t ,  electron, polarizing, and scanning microscopy; 
X-ray microanalysis , chemical analysis  and morphometry. A l l  experiments 
showed t h a t  larvae of amphibians and f i s h  developing i n  weightlessness show 
normal formation of the  maculae, chrysta and o t o l i t h  apparatus. However, 
the  o t o l i t h  membrane i n  the  u t r icu lus  of 
weightlessness fo r  8-9 days w a s  1.3 t i m e s  the  s i z e  of t h a t  of a control  
group. 
adul t  f i s h  and amphibians to space f l i g h t  have not been performed, the 
authors did study the  o t o l i t h s  of 2 adul t  female guppies, which had been 
h x ~ . e d  i n  an a i r t i g h t  container (XI COSMOS-1514 fo r  5 days. 
changes i n  o t o l i t h  weight or asymmetry were noted. Examination of cross 
sections of the  saccular o t o l i t h s  revealed damage to the  outermost growth 
layer,  but  t h i s  may have txcurred during s l i d e  preparation. 
Larvae were e i the r  fixed on 
spurred frogs exposed to 
Although f u l l  s tudies  of the  response of vest ibular  s t ruc tures  i n  
No s igni f icant  
The e f f e c t s  of weightlessness 0x1 the  vest ibular  systems of rats w e r e  studied 
i n  animals flown on COSMOS-782 and -1514. Unfortunately, f l i g h t  rats 
suffered from bleeding i n  the inner ear or otitis a f t e r  landing, which may 
have confounded the  resul ts .  This did not  occur with subjects on 
COSMOS-936 or -1667. The u t r i c u l i  and saccul i  of rats were studied with a 
l i g h t  an3 electron microscope, a f t e r  animals had completed a 20-day (COSMOS- 
936) or 7-day (COSMOS-1667) f l igh t .  No major pathological changes i n  the 
s t ruc ture  or ul t ras t ruc ture  of the  vest ibular  system were noted, nor were 
there  any la rge  differences i n  the  c rys t a l  s t ruc ture  or ul t ras t ructures .  
the same t i m e ,  small s t ruc tu ra l  changes i n  the u l t ras t ruc ture  of the nuclei  
of receptor cells were m t e d  i n  COSMOS-936 rats, while there  was increased 
swelling of the  chalice-shaped nerve endings a f t e r  f l i g h t  (XI COSMOS-1667. 
A t  
The general conclusion from these and U.S. f l i g h t  s tudies  is t h a t  no major 
changes (xcur i n  the  s t ruc tu ra l  organization of the  vest ibular  system i n  the  
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animals studied which can be a t t r ibu ted  to space f l i g h t s  of up to 20 days. 
However, the  poss ib i l i t y  of adaptive restructur ing i n  t h i s  system cannot be 
ruled out. 
o to l i t h ,  long-term studies must be performed. 
s tudies  are f i s h  which have an o t o l i t h  apparatus t h a t  is not a col lect ion of 
small staixxxnia, but a s ingle  large otol i th .  This o t o l i t h  may be weighed and 
analyzed fo r  chemical components and its growth r ings  measured. 
s t ruc tu ra l  heterogeneity of the  receptor organs of the  vest ibular  system, 
when comparisons are made of f l i g h t  and control  animals, it is es sen t i a l  to 
know exactly from which r e g i m  the  studied cross sections were taken. 
Existing knowledge of the  f ine  s t ruc ture  of the  neural  ne ts  i n  the  receptor 
epithelium is inadequate to t h i s  en terpr i se  and must  be improved to enable 
fur ther  study of space f l i g h t  effects .  
lb def in i t i ve ly  decide the  issue of adaptive changes i n  the 
The best subjects fo r  such 
Due to 
Tables 1: Effec ts  of acceleration on the  receptor organs of the vest ibular  
sys t e m  
Animal 
Guinea p ig  
Guinea pig, 
r abb i t  
Squi r re l  
mnkey 
Squi r re l  
mnkey 
Guinea pig 
Squi r re l  
mnkey 
Accelera- Duration, Nature of Structural Changes 
tion, 9 min. 
10 3 LM - RNA nucleolus outs ide of the 
nucleus i n  receptor cells 
TEM - small u l t r a s t ruc tu ra l  changes i n  
receptor cells 
10 5 LM, T E M  - marked changes i n  a l l  receptor 
cells of the maculae and i n  the o t o l i t h  
membrane 
N, TEM - no changes i n  the  maculae 
11 II II 11 I1 11 
5.49 10 
10.92 1 11 
12-25 3.25-5.5 LM - start of loss of statcxonia f r m  
o t o l i t h  wmbrane, but  no changes i n  maculae 
200-400 Peak LM - i n  sane macula areas, destruct ion of 
supporting and receptor cells 
60 1 LM - start  of loss of otoconia frm o t o l i t h  
membrane 
LM, TEM - no changes i n  maculae 
2 00 TEM - increased s i z e  and changes i n  the  
450 Peak s t ruc tu re  of the  lysosome i n  receptor cells 
and transformation of mittxhondria i n  the  
chalice-shaped nerve endings 
1 
Here and i n  Tables 2 and 3: LM = l i g h t  microscopy; T E M  = t ransmit t ing 
electron microscopy. 
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Table 2: Effec ts  of vibrat ion and noise (XI the  receptor organs of the  
vest ibular  system 
Aninral 
Guinea 
Pig 
Guinea 
Pig 
Rat, 
mxlse 
Guinea 
Pig 
Treatment Frequency Intensity Duration 
Vibration 6-8 Hz Accel. vib. 6 hours 
1-2 g 
N o i s e  Wide band 154 dE3 20 min. 
N o i s e  + Vib.: 50 AcceLvib. 3 hrs/day 
vibra- Hz mid 9 g,  noise fo r  1 yr 
t i on  freq 100 dB 
noise 
N o i s e  -metric 100 dB Single & 
mean, multiple 
2000 Hz exposure 
over 7 
days 
Structural Changes 
IM - i n  some maculae, 
change or loss of part 
of the statcxxonia, 
destruction of some 
receptor a d  supporting 
cells 
IM - compression and 
rupture of o t o l i t h  
membrane 
LM - degenerative 
changes i n  neuro- 
epithelium of ampulla 
and maculla of the  
sacculus only a f t e r  
mny months 
TEM - noticeable u l t r a -  
s t ruc tu ra l  changes i n  
receptor cells, nerve 
fibers , and c a p i l l a r i e s  
Table 3: Effec ts  of fac tors  related to changes i n  i m  exchange and 
red is t r ibu t ion  of btdy f l u i d s  (XI the  receptor organs of the  vest ibular  
system 
Animal Treatment Durati- Structural Changes 
on, aays 
Macaque Horizontal hypokinesia, 7 T E M  - no changes i n  vest ibular  or 
then hypokinesia with 12 auditory organs of t he  labyrinth 
head-dmn tilt 
Macaque S i t t i n g  posi t ion,  then 2 As Above. 
hypokinesia w i t h  head- 7 
down tilt 
Table 4: Otoli th  weight ( i n  ug) i n  guppies flown of COSMOS-1514 
Caditions Fish # O b d i t h  of left Labyrinth O t o l i t h  of right labyrinth 
utric. s a d .  lagena utric. saccul. lagena 
Control 1 28 246 35 21 228 28 
2 27 21 0 34 8 200 32 
Fl ight  3 33 227 38 9 2 28 32 
4 16 215 31 10 220 28 
I1 
I1 
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Figure: Portion of a cross sect ion of the  saccular d t o l i t h  of a guppy. 
Growth layers  c l ea r ly  vis ible .  Outermost  layer (on the  l e f t )  damaged. 
Scale: 50 um. 
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P939 (20/88) Belichenko W .  
Quantitative analysis of dendritic thorns of pyramidal neurons in layer V of 
the sensorimotor cortex of rats flawn on CCEMI6-1667. 
Byulleten' Eksperimental'noy B i o l o g i i  i Meditsiny . 
CV(6) ; 736-738; 1988. 
[11 references; 5 i n  English] 
Author's a f f i l i a t i o n :  Brain Research I n s t i t u t e ,  USSR Academy of Medicine. 
Neurophysiology, Sensorimotor Cortex, Neurons, Dendritic Thorns 
Rats 
COSMIS- 1 6 6 7 
Abstract: The density of dendr i t ic  thorns i n  the pyramidal neurons of layer 
V of the  sensorimotor cortex was studied i n  rats exposed to space for  7 days 
on b tmd COSMOS-1667. Four groups of 3 male Wistar rats served as subjects: 
the  f l i g h t  group, a vivarium control  for  the f l i g h t  group, a ground-based 
synchr~omous control  group exposed to a l l  space f l i g h t  f ac to r s  except 
weightlessness, and a vivarium control  foor the  synchronous group. The 
f ron ta l  portion of the  sensorimotor cortex was removed 3 minutes a f t e r  
s a c r i f i c e  and impregnated using Golgi's s i l v e r  technique. Thorns were 
aounted i n  pyramidal neurons i n  a 100 um of layer  V of the sensorimotor 
cortex under a microscope with magnification 312 X. This number w a s  
computed separately for the r i g h t  and l e f t  hemisphere f o r  apical and 
branched dendr i tes  passing through l aye r s  III-IV, f o r  apical dendr i tes  
passing through layers  1-11, and fo r  basal dendrites. N o  data were col lected 
on layers  1-11 of the  left  hemisphere. For each subject,  t h e  number of 
dendr i t ic  thorns was aounted foor 5 neurons, so t h a t  there  were 15 parameter 
values fo r  each group. Statistical s ignif icance w a s  tes ted against  the  
Kolm~orov-Smirnov c r i t e r ion ,  and results were expressed as a median. 
Results are presented i n  the table b e l o w .  N o  d i f ferences were found between 
the  r i g h t  and l e f t  hemisphere or i n  the number of thorns (XI basal and ap ica l  
dendri tes  passing i n t o  layers  1-11. The m o s t  prcxltxmced changes txxurred i n  
layers  I I I - I V ,  i n  which the  number of apical dendri te  thorns increased 
r e l i ab ly  i n  the  f l i g h t  and synchraxxls conditions (by a mean of 21% c o m p a r e d  
to control) .  A 26% increase occurred i n  the  f l i g h t  group f o r  branched 
dendri tes  compared to a l l  other  groups. In  other  environmental experiments, 
increases i n  dendr i t ic  thorns have been associated with posi t ive,  r a the r  
than negative, environmental fac tors  (e.g., increased exercise,  enrichment 
of the  environment). 
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Table: Number of thorns i n  large pyramidal neurons i n  a 100 um area of layer 
V of the  sensorimotor cortex i n  rats (median value) 
Denazrites Hemi- 
Basal R 
L 
Apical: 
sphere 
layers  I I I-IV R 
layers  III-Iv R 
layers  1-11 R 
L 
Branched : 
L 
L 
F l i g h t  
41 
44 
61* 
55* 
54** 
18 
5a** 
-- 
c;rolrp 
Viv-l 
47 
33 
55 
40 
44 
42 
16 -- 
sync- 
43 
39 
58* 
51* 
46 
45 
16 - 
viv-2 
33 
42 
47 
45 
46 
46 
14 -- 
* difference between f l i g h t  or synchronous group and corresponding vivarium 
control  s ign i f icant ,  with a = 0.05; ** difference between f l i g h t  and other  
three groups s igni f icant  w i t h  a = 0.95. 
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changes i n  the ultrastructure of motaEuron synapses in rats exposed to 
space flight factors. 
Byulleten' Eksperimental 'ncy Biologi i  i Meditsiny . 
15 references; 2 i n  English] 
Authors' a f f i l i a t i o n :  I n s t i t u t e  of General Pathology and Pathological 
Physiolqy,  USSR Academy of  Medicine; I n s t i t u t e  of B i o m e d i c a l  Problems, USSR 
Ministry of Health. 
CV(6) ; 752-755; 1988. 
Neurqhysiology , Musculoskeletal System, Motoneuron Synapses, Ultrast ructure  
Rats 
Space Fl ight ,  COSPDS-1667 
Abstract: This experiment investigated the  u l t r a s t ruc tu re  of neuromuscular 
synapses i n  striated muscles d i f f e r ing  i n  t h e i r  functions i n  rats exposed to 
a 7-day space f l i g h t  (XI COSMOS-1667. 
the  synaptic zones of the soleus,  gastrocnemius and diaphragm muscles of 6 
Wistar SPF rats flown 0x1 COSMOS-1667 and 7 analogous rats i n  a vivarium 
cont ro l  group. 
was fixed i n  4% formaldehyde buffered to pH 7.4 with an acetate-veronal 
buffer p lus  is txxmotic  saccharose, then washed i n  a cold buffer. 
Postf ixat ion occurred for 2 hours i n  a ch i l l ed  1% solut ion of OS04, after 
which t h e  sample w a s  poured i n t o  a ra ld i te .  Ultrathin sect ions w e r e  c u t  and 
cont ras t  s ta ined i n  a 15% solu t ion  of uranylacetate i n  methyl alcohol f o r  5 
minutes and then reduced by t i n  citrate f o r  5-10 minutes. 
Portions of  muscles were taken from 
The animals were sacr i f iced  4-8 hours a f t e r  reentry. Tissue 
The major change found i n  the  soleus muscle of  t he  f l i g h t  animals w a s  a 
decrease i n  synaptic contact  area due to partial degeneration of presynaptic 
s t ruc tures  (axon terminals). One could see e x p s e d  areas of postsynaptic 
membranes, which were i n  contact  with outgrowths of Schwann cells and the 
fibrous elements of connective t issue.  Artxlnd such areas there  were s h a f t s  
of electron-dense basal membrane indicat ive of degeneration. Axons buds 
surrounded by by Schwann cells were also observed. 
synapse terminals  also exhibited l ightening of the axoplasm arid partial or 
even complete degeneration. The postsynaptic membranes f o r m e d  many deep, 
sometimes anastomotic junct ional  fo lds  with a c l e a r l y  delineated 
cholinoreceptive zone. 
terminals  were completely destroyed. 
Individual motoneuron 
Junctional fo lds  remained even when the axons 
In  the neuromuscular synapses of the  gastrocnemius muscles of f l i g h t  rats 
the  motor terminal  layers  extended akmg the  muscle f i b e r  and contained 5-6 
small axon terminals  with axoplasm of medium density. Throughout the  f r e e  
area of  the terminals were many rounded, c lose ly  packed synaptic vesicles. 
The mitt>cho>ndria w e r e  few i n  number. The junct ional  fo lds  i n  the  majority 
of synapses were shor t  and of uneven width. The material i n  the  c l e f t  and 
folds  was d i f fuse ly  dis t r ibuted.  
There were also degenerative changes i n  the  terminal axons: areas of exposed 
postsynaptic membranes. 
Schwann cells, vacuoles, bundles of parallel sha f t s  of  basal membrane 
substance. I n  places  there  w a s  new growth of axons, i.e. s igns  of 
regeneration as w e l l  as destruction. 
There was TY) clear cholinoreceptive zone. 
I n  place of the terminal there  were outgrowths of  
In the  diaphragm, the  majority of synapses had mrmal structures.  N o  
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s t ruc tu ra l  changes were noted i n  the c l e f t  and folds. 
terminals showed partial l ightening of the  axoplasm and disorganization of 
junctional fo lds  a t  the  base of the neuromuscular connections. 
A t  the  same t i m e ,  some 
The authors summarize these changes as follow: i n  the  soleus there  is an 
increase i n  degenerative changes i n  axon terminals that r e f l e c t  unloading 
t h i s  muscle during weightlessness. A t  the  same t i m e ,  hypertrophy of the  
subneural apparatus, as seen i n  the increase i n  number of junctional 
folds,  may be due to an adaptive response to the  decreased secretion 
of the  synaptic transmitter.  In  the  gastrocnemius, changes seem. to involve 
as a l te red  organiza t im of axon terminals and presynaptic areas, accompanied 
by a decrease i n  synaptic contact area. 
to decreased muscle use i n  space. Changes i n  the  diaphragm may be a 
morphological re f lec t ion  of increased function a f t e r  reentry. 
describe a l l  changes as functional and l i ke ly  to be reversible.  
These changes can be related 
The authors 
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Figure: Neuromuscular synapses of rats a f t e r  a 7-day space f l i g h t  
a-neuromuscular synapse of the  soleus muscle: shrinking of the  area of 
synaptic contact  due to axon terminal degeneration (mag. 23,000); b - 
neuromuscular synapse of the  gastrocnemius muscle: axon terminals contain 
many synaptic vesicles;  synaptic folds  somewhat deformed, shortened and 
broadened, and electron densi ty  of t h e i r  substance is uneven (mag. 37,000); 
c - neuromuscular synapse of diaphragm muscle: presynaptic and subsynaptic 
areas did not d i f f e r  from rx>rml (mag. 20,000) 
Key: AT- axon terminal; SC- synaptic cleft; JV - junctional fold; N - nucleus; 
OSC - outgrowths of Schwann cells; SV- synaptic ves ic les  ; M- membrane; 
MFmembrane fragment 
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mtheves- -ve C h a r a c k r i s t i c s  of certaln regulatory peptides. 
Byulleten' Eksperimntal 'noy Biologii  i Meditsiny. 
CVI (7) : 50-52. 
[15 references; 7 i n  English] 
Authors' Aff i l ia t ion :  I n s t i t u t e  of B i o m e d i c a l  Problems, USSR Ministry of 
Health 
Neurophysiolqy , Vestibular System, Motion Sickness 
Cats 
Pharmacological Countermeasures, Enzymology, Regulatory Peptides 
Abstract: A number of regulatory peptides have been shown to prevent 
chemically-induced emetic response i n  cats. 
capacity of these peptides to prevent or ameliorate motion sickness i n  
animals. Subjects were 12 male cats, which 3-5 days prior to the  
experimental treatment had had a cannula implanted i n  the cavi ty  of 
vent r ic le  I V  of the  brain. Regula tory  peptides i n  doses of 10-100 ug were 
dissolved i n  sterile physiological s a l ine  solut ion 50-100 u l ,  injected 1-3 
minutes before motion sickness induction. 
v e r t i c a l  and horizontal  acceleration during a l-hour period. Severity of 
motion sickness was rated. The following regulatory peptides were used: 
alpha, gamma and des-Tyrl-gamrna endorphin, undecapeptide hydra, swine beta- 
l ipotropin,  ACTH1- 9, and substance P. Naloxon (L-l7-Allyl-4,5-epoxy-3,14- 
dihydro-morphinan-2-on) , a universal  blocker, was used to block the  opioid 
receptors, as w e l l  as the se lec t ive  delta-blocker IC1 154,129. Scopolamine 
was also tested. 
This experiment tested the 
Motion sickness was induced by 
Four of the  regulatory peptides, gamma and des-Tyd-gamma endorphin, 
substance P, undecapeptide hydra, had e f f e c t s  comparable to those of 
scopolamine injected systemically, as did naloxon. 
peptides (Beta-lipoprotein, ACTH, and alpha endorphin), as w e l l  as 
in t ravent r icu lar ly  administered scopolamine, did mot prevent the development 
of motion sickness i n  cats. The effectiveness of naloxon injected 
in t ravent r icu lar ly  suggests t h a t  cen t r a l  opioid mechanisms play an important 
role i n  the  development of motion sickness. 
s o m e  ameliorating e f f e c t  (XI the  symptoms suggests the  various types of 
opioid receptors participate. 
l ipotropin and ACTH can be explained by the f a c t  t ha t  regulatory proteins  do 
not have an antiemetic e f f e c t  with regard to morphine and beta-endorphin. 
However, gamma and des-Tyrl-garnma endorphins, substance P, and undecapeptide 
hydra prevent vomiting induced by opioids, and t h i s  explains t h e i r  pos i t ive  
prophylactic effects.  The e f f icacy  of a w h o l e  series of endorphins of the  
alpha type i n  preventing motion sickness i n  cats suggests t h a t  other cen t r a l  
peptidergic mechanisms, as ide  from endogenous opioid peptides, play a role 
i n  pathcgenesis of motion sickness. 
The other  regulatory 
The f a c t  t h a t  IC1 154,129 has 
The lack of pos i t ive  effect of beta- 
Table: Prophylactic e f f e c t s  of regulatory peptides and blockers of opioid 
receptors axnpared w i t h  scopolamine i n  induced motion sickness i n  cats 
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of the Ideas of K J L  Tsiolkovskiy] Proceedings of the  XXth and XXIst Lecture 
Series dedicated to the s c i e n t i f i c  legacy and development of the  ideas of 
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Operational Medicine, Human Performance, EVAs 
Humans, Cosmmauts 
Habitabi l i ty  and Environment Effects, Cabin Atmxphere, Space Su i t  Pressure 
n d a y ,  development of the  pr inc ip les  fo r  creat ing a hypobaric atmosphere i n  
hermetically sealed cabins of spacecraft  and s c i e n t i f i c  j u s t i f i c a t i o n  fo r  
the  values of the  major parameters of such an atmosphere are important 
concerns of researchers working (XI the problem of supporting decompression 
safe ty  of space f l ights .  
a l t i t u d e  decompression disorders  can be a t t r ibu ted  to the  f a c t  that such 
atnospheres would make it possible  to use lower leve ls  of working pressure 
i n  space s u i t s ,  while a t  the  same t i m e  re ta ining or even increasing 
decompression safety. This would lead to a s igni f icant  advance and 
improvement i n  the mobility of the  space s u i t ,  and thus increase the work 
capacity of the  perstm wearing it. 
In te re s t  i n  t h i s  technique fo r  preventing high- 
The most extensive research i n  this area w a s  performed by a group of 
s c i e n t i s t s  led by P. M. Gramenitskiy. The authors studied the e f f e c t s  of 
long-term (up to 24-48 hours) exposure to an a r t i f i c i a l  nitrogen-oxygen 
environment, containing 40 or 45% oxygen w i t h  an overa l l  pressure of 0.551 
a t m .  (540 gPa) , on the  l ikelihcxd of high a l t i t u d e  decompression disorder  
a r i s ing  i n  humans a f t e r  decompression and 6 hours of work under conditions 
of res idual  pressure of 0.23 a t m .  (226 gPa). The major r e s u l t  of t h i s  work 
was the  finding t h a t  high a l t i t u d e  decompressim disorders  were 
re l a t ive ly  frequent i n  subjects exposed to the  atmosphere with 40% oxygen 
and were v i r t u a l l y  nonexistent with 45% oxygen. Based (XI these resu l t s ,  one 
can conclude t h a t  during EVA from a spacecraft  with an a r t i f i c i a l  atmosphere 
with total  pressure of 0.551 atm., a space s u i t  with working pressure of 
0.23 a t m .  may be used only i f  there  is IY) less than 45% oxygen i n  the  cabin 
atmosphere. However, considerations of f i r e  sa fe ty  (exceeding the  maximum 
acceptable l eve l  of 409, oxygen concentration i n  a hermetically sealed 
environment) cast doubt (XI the  poss ib i l i t y  of ac tua l ly  u t i l i z i n g  these 
conditions. The minimum leve l  of working pressure t h a t  could be recommended 
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for  an 
no more than 40% oxygen, unfortunately, has not been determined. 
space s u i t  with a hypobaric mormoxic cabin atmosphere containing 
For t h i s  reason, the  authors attempted to ident i fy  the  minimum acceptable 
working pressure fo r  a space suit:  and the  major parameters of 
the cabin atmosphere (pressure, oxygen and nitrogen content) which, under 
conditions of m less than 24 hours of preliminary exposure, would ensure 
decompression safe ty  on t r ans i t i on  to tha t  space s u i t  pressure. This w a s  
the  goal of the  present study. 
Research was performed i n  a barochamber 110 m3 i n  volume. TWO experiments 
were performed. Each consisted of t w o  preliminary and one major stage. 
first preliminary s tage s imulated possible conditions i n  a spacecraft  cabin 
immediately before launch and, i n  both experiments, involved 2 hours of 
e x p s u r e  to an atmosphere with total  pressure of 1.142 atm. (1120 gPA). 
The second preliminary s tage lasted 24 hours and simulated l iv ing  amdi t ions  
of cosmonauts during the f i r s t  day of o r b i t a l  f l i g h t  i n  a spacecraft  cabin 
with lowered total pressure and normalized p a r t i a l  oxygen pressure. 
Conditions of mxmoxic hypobaria were created by decreasing pressure i n  the  
chamber and simultaneously increasing oxygen concentration. 
parameters were as follows: pressure 0.580 a t m .  (569 gPA), oxygen 
concentration 38%; pressure 0.620 a t m .  (608 gPA) oxygen concentration 36%, 
i n  the f i r s t  and second experiments, respectively. The volunteers did not 
perform any special physical work during the  preliminary s tages  of the  
experiments. The main s tage of the  experiment simulated work conditions 
during EVA i n  space s u i t s  with working pressure of 0.24 atm. (experiment 1) 
or 0,25 atm. (experiment 2). During t h i s  stage,  the  subjects  breathed a gas 
mixture consis t ing of 95% oxygen and 5% nitrogen. The face portion of a gas 
mask was used to del iver  oxygen. Duration of the  main s tage was 6 hours. 
During t h i s  t i m e  the  volunteers performed periodic graded physical exercise 
with t h e i r  a r m s ,  involving moving a special twcrshtwlder lever,  located a t  
chest  level ,  back and for th  a t  d i f f e ren t  rates. Tbtal duration of the  work 
and rest peritds i n  each hour was 40 and 20 minutes, respectively. Energy 
expenditure varied between 4 to 6 calories/minute, depending <XI work rate. 
High a l t i t u d e  decompression disorder  w a s  diagnosed <XI the  basis of the  
subjects '  reported symptoms a d  object ively noted c l i n i c a l  symptoms. 
total  of 32 volunteers, males aged 21  to 47, par t ic ipated i n  t h i s  study. 
Experimental conditions and r e s u l t s  are presented i n  the  table b e l o w .  
The 
Values of these 
A 
As the  tab le  s h o w s ,  the  first experiment involved a total of 35 trials using 
25 subjects. A total  of 24 subjects  (9 par t ic ipa t ing  twice) f u l l y  completed 
the  research program. 
responded adequately to t h e i r  surroundings, accurately and rapidly 
performing a l l  the  instruct ions of the  experimenter. 
subject  complain of anything suggesting de te r iora t ion  of general  state or 
well-being. 
During the  f i n a l  s tages  of the  experiment, they 
In m~ case did a 
A s ing le  subject,  who participated i n  the  experiment twice, displayed s igns 
of high-altitude decompressim disorder i n  both instances. In  the  f i r s t  
case, during the second hour of the f i n a l  stage, he developed d i f fuse  
reddening of the  skin (XI the  an te r io r  surface of the chest  cav i ty  to the  
l e f t ,  which by the end of hour 4 had developed i n  the  form of a hyperemic 
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spots of a petechial  eruption 4x6 c m  i n  s i z e  which i tched a grea t  deal. 
was transferred to the lock  compartment and "brought down to Earth.'' The 
i tching stopped a t  0.397 a t m  (389 gPA), but the hyperemic spots did mt  
disappear %n Earth" and were still present i n  the c l i n i c  a f t e r  several  
hours. After 6 months, i n  the next experiment, t h i s  same subject  began to 
develop unpleasant symptoms 1.5 hours a f t e r  the  beginning of the  f i n a l  stage 
of the  experiment, followed by increasing pain i n  the  r i g h t  knee joint .  H e  
again w a s  brought down and the j o i n t  pain ceased a t  a pressure of 0.448 atm. 
(440 gPa). These symptoms were interpreted as the muscle-joint form of high 
a l t i t u d e  decompression disorder of degree 11. 
H e  
The f a c t  t h a t  s o m e  subjects  systematically developed clear, although 
d i f fe r ing ,  symptoms of high a l t i t u d e  decompressim disorder under the  
decompression conditions studied, led to attempts to f ind other  schedules 
t h a t  would m o r e  r e l i ab ly  ensure decompression safety. Evidently, sa fe ty  
during t r ans i t i on  to a residual  pressure of 0.24 atm. could have been 
increased through supplemental decrease of the p a r t i a l  pressure of nitrogen 
i n  the  i n i t i a l  atmosphere by means of addi t ional  decrease i n  the overa l l  
pressure ard increase of oxygen to 40%. 
tes ted experimentally, since pos i t ive  results thus obtained could not be 
implemented i n  practice due to the  fact tha t  40% concentration of oxygen i n  
the  atmosphere of a cabin would have had to be recommended as the  l o w e r  
boundary of regulated pressure. This would have meant t ha t  the se t t i ngs  of 
equipment responsible fo r  maintaining the  necessary concentration of oxygen 
i n  the cabin atmosphere would have nominal values exceeding the  maximum 
acceptable 40% l eve l  f o r  f i r e  safety. Increasing the magnitude of res idual  
pressure (working pressure i n  the  space s u i t )  while maintaining basel ine 
mndi t ions  also did not appear desirable ,  s ince  when residual  pressure 
increased, there  might be s o m e  increase i n  the  ove ra l l  pressure of the  
i n i t i a l  atmosphere and a decrease, i n  accordance with requirements of 
normoxic, of the  concentration of oxygen, which would have s o m e  e f f e c t  on 
the purely technical problem of creat ing and maintaining the a r t i f i c i a l  
hypobaric atmosphere i n  the  hermetically sealed environment. 
However, t h i s  schedule w a s  not 
For these reasons, a seamd experiment was performed to study the  
probabi l i ty  of development of high a l t i t u d e  decompression disorders  in 
humans performing physical work under conditions of res idual  pressure of 
0.25 a t m .  a f t e r  preliminary exposure tr> an a r t i f i c i a l  nitrogen-oqgen medium 
with 36% concentration of oxygen and overa l l  pressure of 0.62 a t m .  
major r e s u l t  of t h i s  experiment (31 tr ials)  was the absence of any incidence 
of high a l t i t u d e  decompression disorder i n  any of the  26 subjects,  including 
the one who developed symptoms i n  both tr ials of the  f i r s t  experiment. 
These resu l t s  demonstrate t h a t  a hypobaric normoxic gas medium with overa l l  
pressure of 0.62 atm., containing 36% oxygen and 64% nitrogen, is an 
a r t i f i c i a l  atmosphere to which a subject  can be exposed fo r  rnt less than 24 
hours to ef fec t ive ly  prevent occurrence of high a l t i t u d e  decompression 
disorder during the  next 6 hours of mtderate physical exercise  a t  a res idua l  
pressure of 0.25 atm. 
prac t ica l  a t ta inable  minimal value of working pressure fo r  an EVA space 
s u i t ,  which during an EVA from a spacecraft  with a h y p t b r i c  atmosphere 
(Ptot=0.62 atm., 02=36%) ensures decompression safe ty  f o r  EVA and does not 
require  addi t ional  desaturation (pure oxygen breathing) before locking. 
The 
The la t ter  pressure of 0.25 can be considered the  
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Table 
Bq?. Experimental Canditials # # # cases # subjs, 
Stage 1 S t a g e 2  Stage3 trials subjects of HADD withHADD 
I1 2 0.62 atm. 0.25 atm. 31 26 0 0 
HADD = High al t i tude decompression disorders 
1 0 5  
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Operational Medicine, Hypoxia Rolerance 
Hurnans 
Adaptation, Training Method 
Research directed a t  increasing human tolerance of acute  and chronic hypoxia 
has been performed f o r  many years. 
t ra in ing  i s  the  m o s t  accessible and e f f ec t ive  method f o r  increasing human 
tolerance of high altitudes. 
t h a t  a f t e r  repeated ascents  i n  a bartxhamber many subjects  display marked 
increases i n  tolerance of oxygen deprivation, even i f  preliminary ascents 
are of sho r t  duration. 
I t  is w e l l  known t h a t  bartchamber 
Results of s tud ies  have demonstrated 
I t  is notable t h a t  a l l  these works  deal w i t h  t ra in ing  directed a t  increasing 
the  "a l t i tude  ceiling." 
increase trolerance of chronic hypoxia has not been but  widely studied. 
Experience shows t h a t  the  cor re la t ion  between tolerance of acute  hypoxia 
(stepwise ascents  i n  the  barochamber) and of  chronic hwoxia (long-term 
s t ays  i n  the  mountains) is not  high. 
The possible  use of bartxhamber t ra in ing  to 
?he present experiment was intended to study the effect iveness  of 
baroxhamber t ra in ing  i n  increasing human tolerance of acute and chronic 
hypoxia. Every day for 3 days subjects  were raised to an a l t i t u d e  of  6200 m 
i n  a bartxhamber i n  a series of  3 steps. On the  f i r s t  day, subjects  were 
raised to a height of 4200 m, where they remained f o r  30 minutes (step 1); 
to 5200 m, where they stayed for 30 minutes (s tep 2); and f i n a l l y  to an 
altitude of 6200 m, where they stayed f o r  10-15 minutes. 
the aboove t ra in ing  cycle  w a s  repeated, except t h a t  the  duration of the  s t ay  
a t  6200 m increased t r o  15-20 minutes. On the  th i rd  and f i n a l  day, subjec ts  
remained a t  6200 m for 25-30 minutes. 
On the  second day, 
During t ra ining,  electrtxardiograms, electroencephalograms, and pneumograms 
were recorded and bkxd pressure was measured. 
work capacity and evaluate emotional  state, t h e  subjects  (10 y t m g  healthy 
males) were given various psychophysiological tests: mult ipl icat ion of 
columns of two-digit numbers, work on the "Fiziologg" device; estimates of 
t i m e  i n t e rva l s  of 15, 40, and 60 seconds; and performance of moderate 
phys ica l  exercise. 
R o  gain information about 
The effect iveness  of the  t ra in ing  schedule was assessed by determining 
tolerance f o r  acute  hypoxia (stepwise ascents  i n  the  barochamber to an 
a l t i t u d e  equivalent of  9000 m) during long-term (up to 3 days) exposure of 
the  subjects  t r o  an "alt i tude" of  4200 m i n  the bartxhamber and to the  same 
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a l t i t u d e  i n  the  mountains (Caucasus, Shelter-11). Thus, effect iveness  of the  
baroxhamber t ra in ing  was studied fo r  both chronic and acute high- 
a l t i t u d e  hypoxia. 
When barochamber t ra ining was conducted, a l l  subjects  tolerated exposure to 
the  f i r s t  s t ep  ( a l t i t ude  of 4200 m) w e l l  (due to the  r e l a t ive ly  l o w  leve l  of 
hypoxia induced). Differences i n  how they f e l t ,  and improvements a f t e r  the 
second and th i rd  exposure txcurred only at a l t i t u d e s  of 5200 m and 
par t icu lar ly  a t  6200 m. On the day a f t e r  t ra in ing  was complete, individual 
high a l t i t u d e  tolerance w a s  determined by means of stepwise ascents i n  the  
barochamber . 
Of 10 subjects  f o r  whom an "a l t i tude  ceil ing" had previously been 
determined, the  bartxhamber t ra ining schedule led to a marked increase i n  
high a l t i t u d e  tolerance both during exposure to an a l t i t u d e  and during 
ascents  i n  7 subjects. 
increased only ins igni f icant ly  and i n  1 subject no e f f e c t  w a s  found. 
In  2 subjects,  tolerance t i m e  a t  a "height" 
In  subjects  who displayed improved high a l t i t u d e  tolerance, there  w a s  also 
a marked increase i n  work capacity a t  a l t i t udes  of 6000-8000 m. This 
capacity was indexed by performance of psychophysiological tests, including 
stereotyped conditioned reflexes,  subjective estimation of shor t  t i m e  
in te rva ls ,  soluticxl of elementary arithmetic problems, and also the 
s t ruc ture  of t h e i r  handwriting. 
displaying improved tolerance of hypoxia, only 1, during a perid of 
i m p a i r e d  physiological state a t  the  highest  a l t i t ude ,  on h i s  trwn i n i t i a t i v e  
donned the  oxygen mask ( in  accordance with preliminary instruct ions) ,  while 
the others  used the  oxygen only a t  the request of the  experimenter. 
subjects  were not experiencing the  sensation of oxygen def ic i t .  
I t  should be mted tha t  of the  7 subjects  
Thus, 
To evaluate the  effect iveness  of barochamber t ra in ing  on response to chronic 
hypx ia ,  research was performed with 9 young men. 
subjects were raised i n  a barcxhamber to an "alt i tude" of 4200 m, where they 
remained fo r  up to 3 days. Each subject participated i n  
ascents: one before and me a f t e r  bartxhamber training. 
In  t h i s  study, the  
two high-altitude 
I n  a control  cond i t im  untrained subjects 
typical  of altitude sickness (headache, dizziness,  nausea, loss of appetite, 
insomnia) a t  varying in t e rva l s  of t i m e  (from 4 to 20 hours) after ascent to 
a height of 4200 m,. 
symptoms of a l t i t u d e  sickness during t i m e  spent a t  "high a l t i tude"  differed 
i n  d i f f e ren t  subjects,  Le., there  were marked individual differences i n  
tolerance of hypoxia. A t  the  same t i m e ,  correlations between an 
individual's tolerance of acute and chronic hypoxia were not high. In  3 of 
the  9 subjects,  symptoms of acute high a l t i t u d e  sickness (headache, 
vomiting) were so severe i n  the  cont ro l  ascents, t h a t  the t r ia l  had to be 
terminated ea r ly  during the  f i r s t  day of exposure to a height of 4200 m. In 
4 subjects  symptoms of high a l t i t u d e  sickness were mcderately severe, and i n  
2 they were v i r tua l ly  absent, with a mild decrease i n  appetite being the  
sole indicator.  
experienced s y m p t o m s  
I t  is s ign i f i can t  t h a t  the  nature and sever i ty  of 
After high a l t i t u d e  t ra in ing  i n  the  bartxhamber, a l l  subjects  spent a 
s t ipu la ted  amount of t i m e  a t  4200 m. Subjects showing the  most ser ious 
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symptoms of a l t i t u d e  sickness during control  ascents  displayed s igni f icant ly  
less severe symptoms a f t e r  training. After t ra ining,  the remaining subjects  
f e l t  w e l l  a t  a height of  4200 m, with v i r t u a l l y  no symptoms of acute 
a l t i t u d e  sickness evident. 
Thus, it was establ ished t h a t  short-term high a l t i t u d e  t ra in ing  i n  a 
bartxhamber mcderates the course of high a l t i t u d e  sickness and f a c i l i t a t e s  
more rapid development of  adaptation to chronic hypoxia. 
When t h i s  barochamber t ra in ing  schedule was tes ted under ac tua l  high a l t i t u d e  
mndi t ions  i n  the  Caucasus (Shelter 11, 4200 m) ,  pos i t ive  r e su l t s  were also 
obtained. 
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Operational Medicine, Ctmnective Tissue 
Rats 
Radiobiology, Electrostatic Field 
Abstract: 
t i s sue  components of skin to exposure to an electromagnetic f i e l d  with 
voltage of  60 and 90 kV/m.. Subjects, male Wistar rats, were i r rad ia ted  i n  
a condenser-type chamber, while control  animals were housed i n  a similar 
chamber without i r radiat ion.  In  one experiment, the  f i e l d  had voltage of 60 
kV/m and i n  the  second voltage w a s  90 kV/m. In  both experiments, rats were 
placed i n  the  chambers for  4 hours da i ly  fo r  3, 14 ,  or 30 days. 
animals i n  each group. 
the  back. 
histochemical methods w e r e  used to m e a s u r e  mucopolysaccharides and nucleic 
acids. Data were analyzed using analysis  of variance. 
This paper presents the  r e s u l t s  of a study of the  connective 
There were 5 
Material studied was the dermal connective t i s sue  (XI 
Quantitative biochemical analysis  and semiquantitative 
After exposure to a f i e l d  of voltage of 60 kV/m, only small marginally 
s ign i f icant  changes were noted i n  bitchemical parameters and these m l y  i n  
the  ea r ly  and middle durations (increased hexuronic and sialic acids). After 
3 days of exposure to the  higher in tens i ty  f i e ld ,  concentration of DNA and 
h e x t d n e s  had decreased rel iably.  
14 days of exposure, while a f t e r  30 days hexuronic acids  and hexoses were 
elevated. In  nei ther  experiment did protein c o m p o s i t i m  of the  skin change. 
Thus g lyaconjugates  were m o r e  s ens i t i ve  and informative indicators. The 
authors conclude t h a t  the  b i o l q i c  e f f e c t s  of electrostatic f i e l d s  of 60 and 
90 kV/m <m the  skin involve bitchemical alterations of the  connective 
t issue.  However, adap ta t im  (ccu r s  r e l a t ive ly  rapidly a t  the l o w e r  voltage. 
A t  the  higher voltage, ea r ly  t rans ien t  biochemical changes, suggesting 
inhibi t i txl  of biosynthesis of glyanonjugates,  give way to changes i n  the  
opposite d i r ec t ion  i n  the concentration of carbohydrate-containing 
biopcolprs. 
No s igni f icant  changes were noted a f t e r  
Table 1: Biochemical parameters of the  skin of rats a f t e r  exposure to 
an electrostatic f i e l d  w i t h  voltage of 60 kV/m 
Table 2: Biochemical parameters of the  skin of rats a f t e r  exposure to 
an electrostatic f i e l d  with voltage of 90 kV/m 
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Operational Medicine, Aviation Medicine, Acceleration Tblerance 
Humans, P i l o t s ,  Pa t ien ts  
Population Study 
Abstract: 
f l i g h t  but ident i f ied  as having some heal th  problems were tested fo r  t h e i r  
tolerance of 6, acceleration. 
acceleration a t  which the f i e l d  of peripheral  vis ion began to narrow. 
of 33.1% of the  pilots tes ted were found to have s o m e  health problem. 
order of diminishing frequency, these were: imperfect vision, degenerative 
changes i n  the  spine, hearing d e f i c i t ,  stomach or i n t e s t i n a l  ulceration, 
c i rcu la tory  problems, rena l  colic, high blcxd pressure, psychological 
disturbances, neurosis, past traumatic injur ies .  M o s t  of these pilots did 
not show tolerance d i f f e ren t  from t h a t  of pilots judged without health 
problems. 
tolerance f o r  acceleration. 
psychological disturbance and neuroses showed diminished tolerance. 
Table: Tolerance of +G, accelerat ion i n  p i l o t s  w i t h  health problems 
In  t h i s  study, p i l o t s  of f igh ter  a i r c r a f t  who were c e r t i f i e d  fo r  
Tolerance w a s  ident i f ied  as the uni t s  of 
A total 
In  
P i l o t s  with high b k x d  pressure showed greater  than normal 
P i l o t s  ident i f  id as suffer ing from 
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2 2 ( 4 ) :  31-34; 1988. 
Perception , Spa t i a l  Orientation 
Humans , P i l o t s  
P i l o t  Training 
Abstract: The authors argue tha t  me of the m o s t  prtductive l i n e s  of study 
i n  the  important area of human spatial or ientat i tm relates to the 
development and maintenance of the  representation of spatial posi t ion during 
complex f l i g h t  conditions. However, they believe t h a t  ttxo much emphasis has 
been placed by researchers (XI the  role i n  this representation of visual  
information (from the instrument panel) and ttxo l i t t l e  on the  sensorimotor 
component. They take the posi t ion t h a t  perception is actioon-based and t h a t  
i n  the  motion-oorienta t ion  pair , motion t a k e s  precedence over orientation. 
Spatial or ien ta t ion  is considered a process. Appropriate or ien ta t ion  i n  
space develops i n  student p i l o t s  as they begin to consider t h e i r  spatial 
posi t ion as "merged" with t h a t  of the  a i r c ra f t .  This merged representation 
moves with respect to an invariant  ctxordinate system mapped with respect to 
the  Earth. 
spatial ccxordinates of the  a i r c r a f t  cabin. 
f r o m  the old through mastery of p i lo t ing  control  movements. 
Earlier, t h e i r  twn or ien ta t ion  is perceived i n  r e l a t ion  to the 
The new or ien ta t ion  develops 
Thus, as f l i g h t  experience increases, the p i l o t  s h i f t s  to a geocentric spatial 
or ien ta t ion  system resu l t ing  from mastery of a new technique of moving 
through space (via a i r c r a f t  control  instrument). 
spatial perception i n  f l i g h t  is linked with a mastery of a motor t a s k  new to 
the  student -- t h a t  of moving ( in  an a i r c r a f t )  along a complex t ra jec tory  i n  
three-dimensional space. The conceptual s t ruc ture  of t h i s  t a sk ,  real ized i n  
a schema foor performing the  p i lo t ing  operations, becomes the  key fac tor  foor 
developing a new perceptual system i n  which information is gathered and 
integrated both f r o m  the  f l i g h t  instruments and f r o m  other m o r e  f a m i l i a r  sources. 
The new way of perceiving 
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Personnel Selection 
Humans, Ccsmonauts 
Orthostat ic  Tolerance 
The possibil ity of a contingency landing by a spacecraf t  c r e w  i n  an  
uninhabited area makes it necessary to select individuals fo r  space f l i g h t  
w h o  are able to r e t a i n  orthostatic tolerance a t  the  l eve l  required fo r  
performing acts critical to survival. This goal led to a search f o r  the  m o s t  
r e l i a b l e  methods f o r  predicting gravi ta t iona l  tolerance. 
problem, the authors used a provocative test involving acceleratitxl t h a t  
reproduces, i n  a more extreme form, the  hemodynamic changes occurring i n  the  
space f l i g h t  cycle. The essence of the  propsed test is sequential  exposure 
of the  subjects  to chest-back accelerat ion of up to 2.5-G a t  an angle of 90" 
(phase of accelerated hemodynamic simula tim of weightlessness) ard head- 
torso accelerat ion of up to 2.5-G a t  an angle of 5<) (phase simulating ea r ly  
readaptation pe r iod ) .  
P o  solve t h i s  
When a subject  showed gtxd tolerance f o r  t h i s  test, the  decrease i n  
o r thos t a t i c  tolerance shown a f t e r  30 days of hypokinesia was minimal and 
when a subject  showed pcxor tolerance, there  w a s  a marked orthostatic 
intolerance e f f e c t  subsequent to hypokinesia. 
In order to reveal propensity to show s igni f icant  decreases i n  grav i ta t iona l  
tolerance a f t e r  space f l i g h t ,  a cosmonaut must  undergo exposure to chest- 
back acceleration of 2.5-G f o r  1 hour and then 10 minutes of head-torso 
accelerat ion a t  the  same magnitude. 
to achieve the  same prtxpostic power with a less grueling method. 
I t  proved des i rab le  to search f o r  a way 
Bearing i n  mind t h a t  excess pressure i n  the  l o w e r  body (LBPP), inducing 
red is t r ibu t ion  of b k x d  i n  the c ran ia l  d i rec t ion  is s igni f icant ly  easier to 
tolerate than chest-back acceleration, the  authors compared individuals'  
tolerance of a tilt-test with LBPP i n  a horizontal  posi t ion followed by 
negative pressure the  l o w e r  body (LBNP) i n  a v e r t i c a l  posit ion with 
r e su l t s  of the  centr i fugat ion test described above. This work was based on 
the assumption t h a t  the  proposed test with chest-head followed by head-torso 
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acceleration is predict ive of o r thos t a t i c  intolerance i n  a pos t f l igh t  
period. 
For the comparison, 11 apparently healthy subjects  aged 20-37 were subjected 
f i r s t  to an acceleratim of +2.5 
f o l l o w e d  by + 2 S  G acceleration a t  an angle of So fo r  10 minutes. Evaluation 
of tolerance foor &is tests used a binary r a t ing  system: 
G, a t  an angle of 90° f o r  60 minutes 
- diminished tolerance - the  research had to be discontinued before 
- gcxd tolerance -- the  subject was able  bo complete the  program without 
completion fo r  medical reasons; 
medical cause to terminate the  test. 
Next, a f t e r  an in t e rva l  of mo less than 3 days, the  same subjects  were 
exposed to LBPP of 25 mm Hg i n  a horizontal  posit i<m foor 40 minutes, followed 
by LBNP of 25 mm Hg i n  upright posit ion (at an angle of 700 to the  
horizontal)  fo r  10 minutes. 
The schedules of LBPP and LBNP fo r  the  o r thos t a t i c  test were selected a 
priori, to be equivalent to the acceleration tests. In par t icu lar ,  LBPP a t  
25 mm Hg i n  a horizontal  posi t ion was selected because when the  hemodynamic 
fac tors  of w e i  h t lessness  are simulated b +2.5 G! true SYSuoliC Pressure i n  
the arteries 02 the  legs  decreased by 20-310 mm Hg i n  c<xnparisoon to baseline. 
Ro evaluate c i r c u l a t i m  i n  the  head and tolerance f o r  the  given tests, cm 
a l t e rna te  
plethysmcgram of the  head was reaorded using bitemporal leads and the  
"Levka-ZT" portable plethysmograph the  d i c r o t i c  index was determined. 
Rolerance of the  given test was evaluated using a binary ra t ing  system: 
minutes of exposure to LBNP i n  an upright posi t ion an impedance 
- diminished tolerance - the  test was discontinued before completion 
due to develcpment of o r thos t a t i c  col lapse <or the  d i c r o t i c  index decreased 
to 5% or b e l o w  i n  response to LBNP i n  an upright posi t ion (precollapse 
state) ; 
- gcxd tolerance - t he  subject  w a s  completely able t r o  tolerate the t e s t  
foor the  s t ipu la ted  exposure perid or the d i c r o t i c  index as an indicator  of 
vascular bonus i n  the  head did mot decrease b e l o w  10% during LBW. 
R e s u l t s  of the  investigation were precessed using nonparametric statistical 
criteria . 
The r e s u l t s  obtained from the  comparative studied are presented i n  the  
table ,  which s h o w s  t ha t  the  LBPP test i n  the horizontal  posi t ion and LBW 
in the ver t ica l ,  i n  comparison to the  test using +2.5-G followed by +2.5 
G,, is a less s t r e s s f u l  proovccative test, s ince the  lat ter had to be 
terminated before completion nearly twice as frequently. 
The t ab le  gives the assessment of tolerance of the  test i n  two variants:  
with or without simultaneous consideration of the  value of the  d i c r o t i c  
index. When the  r e s u l t s  were analyzed s t a t i s t i c a l l y ,  the  correlat ion 
between holerance of the  acceleration test and the  a l te red  l o w e r  body 
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pressure test without consideration of d i c r o t i c  index was not s ign i f i can t  
(p > 0.1). 
of the  d i c r o t i c  index was taken i n t o  consideration. 
This cor re la t ion  increased to 0.61 with p < 0.05 when the  value 
Thus, when eva lua t im  criteria included the  value of  the dicrotic index, 
assessment of individual tolerance of the  test with altered pressure showed 
gcxd agreement with tolerance of the  acceleratim test. 
On the basis of these resu l t s ,  the  authors conclude that ,  by analogy with 
the  sequential  effects of +G, acceleratim as a rncdel of weightlessness and 
+Gz accelerat ion as a m c d e l  of o r thos t a t i c  loading i n  the ear ly  adaptation 
period, sequential  exposure to LBPP i n  the  horizontal  and LBNP i n  the  
ve r t i ca l  posi t ion are a promising test for predict ing gravi ta t iona l  
tolerance i n  the  ea r ly  readaptation period. 
The r e s u l t s  of t h i s  research also show t h a t  the  sever i ty  of provocative 
tests may, i n  pr inciple ,  be diminished without subs tan t ia l  loss of 
predict ive v a l i d i t y  due to improvement of methodological techniques f o r  
simulating hemodynamic s i tua t ions  a r i s ing  i n  the course of a space f l igh t ,  
and of the physiological criteria used to assess endurance of pa r t i cu la r  
factors .  
Table: Comparative evaluation of tolerance of sequent ia l  e 
minutes and tilt test i n  the horizontal  with LBPP and LBW i n  the v e r t i c a l  
posit ion 
)sure to +2.5 Gx 
a t  an  a n g l e  of 90'' f o r  6 0  minutes  and +2.5 G, a t  an Y 50 for lo 
Subject lblerance of lblerance of Dynamics of DI in rnlerance of 
+2.5 t tilt test w i t h  upright p i t i a n  tilt test with 
+2.5 2 -D-aNp w i t h  IBNP mPP/U3NPirr-  
cluding DI acceleratim ignoring D I  2' 4' 6' 8' 10' 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
gcxd 
gcxrd 
gcxd 
gcxd 
diminished 
diminished 
diminished 
diminished 
diminished 
diminished 
diminished 
gcxd 
gcxd 
gcxd 
gcxd 
gcxd 
diminished 
diminished 
diminished 
diminished 
diminished 
gcxd 
50 38 25 
82 86 70 
62 50 70 
35 0 0 
20 33 20 
60 0 0 
33 4* 
20 0 15 
15 40 10 
37 23 5 
50 30 40 
65 35 
65 83 
40 32 
15 5 
5 5  
5 5  
7* 
8* 
20 35 
** 
gcxd 
gcxd 
gcxd 
diminished 
diminished 
diminished 
diminished 
diminished 
diminished 
diminished 
gcxd 
4*, 7*, *8* - minute during which the  experiment was terminated due to 
pre-col lapse symp tans  
D I  - d i c r o t i c  index 
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(See also: Neuroophysiolcm P924; Operational Medicine P930 .) 
P929(20/88) * Malakhmskiy VN, Bobyr' BA, Emkk MM, Mikhaylichenko PP, 
Sergeyev AA. 
Some physiological characteristics of the initial reaction to radiation and 
its apanarphme - rmdel. 
Kosdcheskaya Biologiya i Aviakosmicheskaya Meditsina . 
[25 references; 8 i n  English] 
22(4):  77-81; 1988. 
Human Pe r fomnce ;  Psycho l (q ,  Animal Learning 
Dxp, Humans 
Radiobiology, Early Response, Aptmorphine 
Abstract: 
kg. Some subjects  w e r e  i r rad ia ted  (type of rad ia t ion  mot specified) i n  
doses of 5-80 Gy with dose rate of 0.02-0.05 Gy/min. 
injected subcutaneously with apomorphine i n  doses of 0.02-0.5 mg/kg. 
C l in i ca l  symptoms and behavioral changes were noted. 
measured a t  the  base of the  tail. 
force exerted against  a tensometric platform. To evaluate goal-directed 
behavior, a spec ia l ly  designed methcxblogy involving sequent ia l ly  overcoming 
obstacles of  increasing d i f f i c u l t y  was used. Obstacles were of t w o  types: 
barriers of increasing height (30 to 210 c m )  and beams of  decreasing width. 
The former was considered to involve mainly physical e f f o r t ,  while the  
latter was more related t r o  sensorimotor axordination. The m o s t  d i f f i c u l t  
obstacle overcome was recorded. Stimulus for task performance was the  
experimenter's command. Task motivation w a s  considered to be high. Ten 
tr ials were run i n  a 30-minute period. 
studied on 18 healthy men, aged 26-43. Subcutaneous dosage was 0.6, 1.2, or 
3.4 mg per person. 
general state of well-being (interview, self-rat ing,  a c t i v i t y  level ,  mcxd) ; 
2) ac t ive  mnemonic performance and a t t en t ion  i n  memorizing 10 words ,  
reaction time (simple and discriminative), tracking errors, and performance 
of d is junc t ive  tests; 3) autonomic functions (pulse, electrtxardiogram, 
pneumogram, b k x d  pressure i n  horizontal  and upright posit ions,  body 
temperature) ; 4) electroencephalographic parameters. D a t a  were considered 
s ign i f i can t  when they d i f fe red  f r o m  basel ine values by m o r e  than 3 standard 
deviations. 
Experiments were performed on 52 outbred male dogs weighing 15-20 
Other subjects  were 
B k x d  pressure w a s  
Maximal muscular force was measured by 
The e f f e c t  of apomorphine was also 
Four types of dependent var iables  w e r e  considered: 1) 
During the  f i r s t  f e w  hours after i r r ad ia t ion  animals showed the classical 
ea r ly  symptoms of  rad ia t ion  sickness; i n i t i a l  arousal  f o l l o w e d  by lethargy 
and gas t ro in t e s t ina l  symptoms. A f t e r  apomorphine inject ions,  s tar t ing a t  a 
dose of 0.3 mg/kg animals showed i n i t i a l  arousal  followed by weakness and 
lethargy. Stereotyped movements began to appear a t  a dose of  0.2 mg/kg and w a s  
present i n  a l l  animals a t  doses abowe 0.3 mg/kg. 
5-30 minutes a f t e r  adminis t ra t ion of apomorphine and 1-3 hours a f t e r  
i r radiat ion.  
and muscle force and sensorimotor ccxordinatim decreased a f t e r  its 
E m e t i c  responses txcurred 
In  both groups, bltxd pressure dropped during t h i s  response 
1 1 5  
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completion. 
apomorphine corresponded to i r r ad ia t ion  dose of  6-8 Gy. 
e f f e c t s  a dose of 0.02 mg/kg apomorphine was close to i r r ad ia t ion  of 5 Gy, 
and 0.2 mg/kg of the drug was equivalent to i r r ad ia t ion  of  10 Gy. 
Apomorphine e f f e c t s  persisted f o r  0.5-1.5 hours, while those of i r r ad ia t ion  
lasted 3-4 hours. 
With respect to the emetic e f f ec t ,  a dose of 0.02-0.1 mg/kg 
For the other  
In humans, considerable individual differences were found i n  response to 
apomorphine. Dose a t  which 50% of subjects vomited w a s  approximately 0.2 
mg/kg. Much individual v a r i a b i l i t y  was seen i n  other  dependent variables. 
M o s t  subjects  experienced sleepiness,  listlessness, headache, other  pain, 
sa l iva  t ion,  occasional double vision, impairment of short-term memory, 
increase i n  sensorimotor react ion t i m e ,  and tracking errors. Exercise 
tolerance decreased. On the  basis of the  data for the dogs, the  authors 
postulate  t h a t  changes found i n  humans a t  doses of 0.6-2.4 mg apomorphine 
w i l l  correspond qua l i t a t ive ly  and quant i ta t ively to ea r ly  reactions to 
i r r ad ia t ion  i n  doses of  5-10 Gy, but  t h a t  radiat ion e f f e c t s  w i l l  last 
considerably longer. On the basis of data  i n  the  literature, the  authors 
suggest t h a t  the  common fac tor  leading to the  s i m i l a r i t y  i n  the e f f e c t s  of 
the t w o  treatments is changes i n  dopaminergic systems i n  the brain. 
conclude t h a t  the apomorphine m o d e l  is promising for  use i n  studying not  
only vomiting, but  also other  symptoms of i n i t i a l  react ion to radiat ion i n  
humans. 
They 
Table 1: Emetic reaction of dogs to i r r ad ia t ion  and in j ec t ion  of  aptmxphine 
Table 2: Frequency and duration of  s ign i f icant  (2 3 a) changes i n  parameters 
of functional state of subjects  a f t e r  in jec t ion  with aptmxphine 
Parameter Frequency,% Duraticn,hours 
Self-rating 
Autontmic react ions 
Cognitive work capacity 
E l e c  tromr ticogram 
83 
44 
67 
65 
1 .2  
2.7 
2.4 
2.6 
Figure 1: Overcoming barriers by dogs i n  the i n i t i a l  hours following 
i r r ad ia t ion  or in jec t ion  with aptmxphine 
Figure 2: Walking on beams by dogs i n  the  i n i t i a l  hours following 
i r r ad ia t ion  or in j ec t ion  with aptmxphine 
Figure 3: Push? s t rength i n  dogs i n  the i n i t i a l  hours following i r r ad ia t ion  
or in jec t ion  with apomorphine 
Figure 4: Systo l ic  blcxxl pressure i n  dogs i n  the  i n i t i a l  hours following 
i r r ad ia t ion  or in jec t ion  with apomorphine 
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M138 (20/88) Moldotashev B. 
Deystviye vysokogor’ya i ioniziryyushchey r a d i a t s i i  M organizm zhivotnykh i 
f iziolcgicheskiye mexhanizmy povyshenmy radiostoychivosti  [The effects of 
high altitwks and icmizing radiation on animals and physiological mechanisms 
underlying heightened radioresistance.1 
Frunze: I l i m ;  1987. 
[155 pages; 239 references] 
Af f i l i a t ion  [box)k] : I n s t i t u t e  of Biochemistry and Physiology, Kirghiz Academy 
of Sciences 
KEY WORDS: Radiobiology, Ionizing Radiation, Radioresistance; Adaptation, 
High Alti tudes,  Hematolcxjy , Hemopoiesis, Immunology 
Annotation: This momgraph presents the general l a w s  underlying adaptive 
restructur ing of the body a t  high a l t i t udes  and, par t icu lar ly ,  the course of 
radiat ion sickness under these conditions. 
are associated with increased rate of p ro l i f e ra t ive  a c t i v i t y  of hemopoietic 
stem cells and lymphoid t issues ,  and also optimization of the  immune system, 
foster ing rapid elimination of the consequences of radiat ion damage. This 
btmk is intended f o r  a broad range of physiologists, hematologists, 
immunologists, radiobiologists,  tmcologists, and physicians. 
I t  has been found t h a t  high a l t i t u d e s  
orxwmls 
( N u m b e r s  i n  parentheses r e f e r  to page numbers i n  the or iginal . )  
Introduction (3 )  
Chapter 1. Response of the  organism to the combined e f f e c t s  of environmental 
f ac to r s  (4)  
The organism and high a l t i t u d e  (4 )  
Combined e f f e c t s  of high a l t i t u d e  and ionizing radiat ion (9) 
Basic mechanisms d i f y i n g  the  rad iosens i t iv i ty  of animals (14)  
Chapter 2. Change i n  the  quant i ty  of blcxd cells i n  b k x d  i n  response to the 
shined e f f e c t s  of high a l t i t udes  and ionizing radiat ion (17) 
Chapter 3. Reactions of the hemopoietic system to the  combined e f f e c t s  of  high 
a l t i t udes  and ionizing radiat ion (36) 
Chapter 4. Dynamics of lymphoid organs and the  cells they contain under 
exposure to the axnbined e f f e c t s  of high a l t i t u d e  and ionizing radiat ion (52) 
Chapter 5. The state of ce r t a in  f ac to r s  of nonspecific immunity under 
conditions of high a l t i t u d e  and ionizing rad ia t ion  (67) 
Chapter 6. Change i n  the  m n c e n t r a t i m  of biogenic amines i n  lymphoid t i s sues  
under exposure to the  combined e f f e c t s  of high a l t i t u d e  and ionizing radiat ion 
(85) 
I 
Chapter 7. Character is t ics  of the  react ions of the  coagulation and 
f ib r ino ly t i c  systems of bkxfi i n  response to exposure to radiat ion under high 
a l t i t u d e  conditions (101) 
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Chapter 8. Dynamics of a l t i t u d e  resis tance i n  rats exposed to the  combined 
effects of high a l t i t u d e s  and ionizing radiat ion (120) 
Chapter 9. Conclusion (132) 
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P937(20/88) Seroova LV, Tikhorxova 8, Denisova LA, Pustynnikova AM, Ivantxr 
YuV, Baykova QV. 
!Ite state of spermamgenesis and reproductive fmctxxi . in rats after space 
flight cn the @OfXX-1667 biosatellite. 
Paper delivered a t  the XIXth conference of the  Permanent Working Group of 
Socialist Nations on Space Biology and Medicine within the  Intercosmos 
Program, Havana, 5-12 A p r i l  1986. 
Authors' Aff i l ia t ion:  I n s t i t u t e  of Biomedical Problems, USSR Ministry of 
Health, Mosarw. 
Reproductive Biolcgy , Spermatogenesis, Reproductive Function 
Rats , Male 
Space F l ight ,  COSMOS-1667 
Abstract: Male rats (number mot specified i n  abs t rac t  but  believed to be 7 
f r o m  other  articles) were flown f o r  7 days on board COSMOS-1667. 
Pos t f l igh t  examination did m k  reveal differences i n  weight of the  testes or 
epididymi, aoncentrat im of spermatozoid, or percentage ratios of various 
types of cells (germinative, Sertoli, Leydig, leukccytes) i n  homogenates of 
the  testes. Fl ight  rats were allowed to breed with normal females during a 
15-day pos t f l igh t  period. Sexual a c t i v i t y  of f l i g h t  males w a s  rxormal, and 
percentage of females becoming pregnant was ac tua l ly  higher when bred with 
the experimental group than with the  controls. N o  s ign i f icant  differences i n  
numbers of l i v i n g  or dead neonates, sex ratios i n  litters, b i r t h  weights, or 
anomalous offspr ing were found i n  litters fathered by f l i g h t  and control  
rats. 
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P938 (20/88) Denisova LA, Snetkova YeV. 
The effects of short-term space flights an the reproductive functmn * i n  . 
Abstract of paper delivered to the XXIth Conferences of the  Permanent 
working Group of Socialist Countries on Space Biology and Medicine, 
Intercosmos, 6-10 June. Baranov Sandtxnersky, Poland. 
Authors' Aff i l ia t ion:  I n s t i t u t e  of B i o m e d i c a l  Problems, USSR Ministry of 
Health, Mosc<rw. 
Fteprtduc t i v e  Biology, Reprtiiuc t i v e  Function 
Rats, Male 
Space Fl ight ,  COSMOS-1887 
Abstract: An unspecified number of male rats were flown fo r  2 weeks <XI 
COSMOS-1887. Postf l ight ,  the  weight of the testes of f l i g h t  animals was 12% 
b e l o w  t h a t  of Control, while the  weight of the  epididymus was 11% b e l o w  t h a t  
of a synchrtmous group. 
computed as a f rac t ion  of h d y  weight, no differences between f l i g h t  and 
control  animals w e r e  noted. N o r  were s ign i f i can t  differences found i n  number 
of spermatcgones, spermatccytes, spermatids, spermatozoids, Sertoli cells, or 
Leydig's cell i n  the  tests or spermatozoids i n  the epididymi of f l i g h t  and 
aontrol  animals. 
When weights of the r e p r d u c t i v e  organs were 
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